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PREFACE 


ditions, are studied, Reactors and transformers are com 
sidered briefly. Numerous illustrations, showing modem 
central-station practice, are given in a number of the? chapter* 
of the book in connection with the text. 

Although the proofs have been read and checked very care¬ 
fully by a number of persons, it is possible that I here remain 
some undiscovered errors. Readers will confer m great favor 
by advising the author of any such which may be? revealed. 
Suggestions for the enlargement or improvement of future 
editions of the book will be greatly appreciated. 

Tmumu* Chart „ 

33 Amhbrst Avenue, Univbrsity City, 

Saint Louis, Mksouhz, 

October, 1917. 
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CENTRAL STATIONS 

SECTION 1 

DISTRIBUTION-SYSTEM NOMENCLATURE 

1. Considerable Confusion Exists as to the precise meanings 
of the terms which are used to designate the different compo¬ 
nents (Fig. 1) of an electrical-energy-distribution system. 

In the following paragraphs definitions are given for some of 
the terms most commonly used. These definitions are, it is 
believed, in line with the generally accepted meanings of the 
words involved. Fig. 2 shows diagrammatically the impor¬ 
tant elements of a distribution system. 



Fio. 1.-—Transmission, line and distributing system. 

2. A Transmission Line comprises the arrangement of aerial 
conductors ove** which electrical energy is transmitted from 
a generating station to a sub-station. In general, the distin¬ 
guishing characteristics of transmission lines are that they 
operate at relatively high voltages and extend for long dis¬ 
tances. At B in Fig. 3 is shown the transmission line. 

ExAMpm,—A pole line between a city, industrial plant or building, 
and a distant generating station is a transmission line. 

3. A Tie Line is a’set of aerial conductors used to intercon¬ 
nect two sub-stations, transmission lines or any other lines. 

i 
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A tie line may also operate at a high voltage and extend for a 
long distance but is distinguished from a transmission line in 
that neither of the ends of a tie line ordinarily originates in a 
generating station. 

Example. —A line connveying energy from one town to another in 
neither of which there is a generating station but both of which are 
supplied by some circuit other than the connecting line, is a tie line. 

4. A Transmission System is one over which electrical 

energy is transmitted for a 
considerable distance from a 
generating station, at rela¬ 
tively high voltage, to a dis¬ 
tributing system or to dis¬ 
tributing systems. A trans¬ 
mission system comprises the 
conductors and the structures 
which support them. 

5. A Distributing System is 
one from which electrical en¬ 
ergy is distributed to con¬ 
sumers or to receiving appa¬ 
ratus. A distributing system 
consists of feeders* mains, ser¬ 
vices, etc., as shown in the 
illustrations. All of the 
wiring in a town, industrial 
plant or community between 
• the sub-station (or the gener¬ 
ating station if the energy is 
generated locally) and the 
■ service switches for buildings 
or consumers constitutes a distributing system. As a rule a 
distributing system operates at a lower voltage than does a 
transmission system. 

Note. —It is very difficult to distinguish between a transmission and a 
distributing system, because:* "In any large system the functions of 
transmission and distribution merge into one another because the prin- 



Fig. 2.—The elements of a transmis¬ 
sion and distribution system. 
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cipal consumers will ordinarily be many miles apart. Furthermore, 
there usually are several sources of energy feeding into the system at 
different locations. The transmission and distribution systems then 
resolve themselves into a network of high-tension lines to which arc 
connected consumers and generators at certain locations. 

6. A Feeder or Feeder Circuit (Fig. 3) is the set of con¬ 
ductors in a distributing system extending from the ori¬ 
ginal source of energy in the installation to a distributing center 
and having no other circuits connected to it between the 
source and the center. The source may be a generating or 
substation or a service. Feeders are indicated by the letter 
D in Fig. 3. 

7. A Sub-feeder is an extension of a feeder from one distri¬ 
bution center to another and having no other circuit connected 
to it between the two distribution centers. A sub-feeder is a 
sort of a tie line. 

8. A Main (E and G, Fig. 3) is any supply circuit to which 
other consuming circuits—sub-mains, branches or services— 
are connected through automatic cut-outs—fuses or circuit- 
breakers—at different points along its length. Where a main 
is supplied by a feeder the main is frequently of smaller wire 
than the feeder which serves it. An energy utilising device 
is never connected directly to a main, a cut-out always being 
interposed between the device and the main. 

9. A Sub-main (E x , Fig. 3) is a subsidiary main fed, through 
a cut-out, from a main or another sub-main and to which 
branch circuits or services are connected through cut-outs. 

10. A Service (or a service connection, H, Fig. 3) is the set 
of conductors constituting an underground or overhead con¬ 
nection between conductors (usually belonging to a public 
service corporation) in a thoroughfare—street—and the con¬ 
ductors of an interior or isolated wiring system. A “service” 
provides a path over which electrical energy is delivered to the 
consumers. 

11. A Brandi or Branch Circuit is the set of conductors, 
feeding through an automatic cut-out (from a distribution 
center, main or sub-main) to which one or more energy utilising 
devices are connected directly, that is, without the interposi¬ 
tion of additional cut-outs. The only cut-out associated with 
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of an electrical-energy distribution system. 





0 


CKXTUAL SVATfnXS 


: \tu. L’ 


a branch is the one through which the branch F fed at tie* mam, 
sub-main or distribution <rcsnt<*r. 

12. A Tap or Tap Circuit (Fig. X) is a circuit, h*i ung a sing!** 
energy-utilizing device, connected direct]y to a branch without 

the interposition of a cut-out. 

13. A Distributing or Distribution Center (Tig. in nn 

electrical energy distribution system is tlm locution at which a 
feeder or sub-feeder connects to the subordinate circuits which 
it serves. The switches and automatic cut-outs for the con* 
trol and protection of the sub-eimiitH are usually gtoijprd itt 
the distribution center. In interior-wiring parlance, a dis¬ 
tribution center is an arrangement or group of fittings whereby 
two or more minor circuits are connected at a common potul to 
another, larger circuit. A panel box m nun form of ii distribu ■ 
tion center. 

14. The Nomenclature of Interior-wiring-system Circuit 
Elements is similar to that for an outside distribution 

The terms feeder, sub-feeder, main, wile-main, branch, tap and 
distribution center are defined diagmmmaf trail;* in the wittiu! 
layout shown in the lower part of the center of Fig, 3. from 
inspection it is evident that these feeder-system elements, nm 
also be defined in essentially the same words as recited for I Ip* 
outside distribution-system elements reed ted alarm 

* 8m the author"* kumnicm Kum^ttm i \m* if 4 Wf#twtff» p IV*, fnt »M«*t 
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DISTRIBUTION LOSS AND DISTRIBUTION- 
LOSS FACTORS 

15. Distribution Losses are those losses of electrical energy 
which occur in a central-station system between the station 
feeding the community and the receiving devices on the cus¬ 
tomers' premises. These same energy losses are sometimes 
referred to as “energy lost or unaccounted for” or “kilowatt- 
hours lost or unaccounted for. " In every electrical-energy-dis¬ 
tribution plant, the total kilowatt-hours delivered to the dis¬ 
tribution-system lines, as recorded by the station totalizing 
watt-hour meter, during a given interval of time will always 
be greater than the sum of the kilowatt-hours registered on all 
of the consumers' meters or similarly accounted for during 
the same interval of time. The difference between the energy 
thus delivered to the distributing system and that accounted 
for, represents energy-distribution losses or “energy unac¬ 
counted for." 

Example. —In a certain Middle-Western town of 6,000 people the 
central station operates a 2,200-volt-primary, 110-220-volt, three-wire¬ 
secondary system. There are a large number of small transformers and 
there is considerable leakage where the primary-line wires come into 
contact with the limbs of trees. During the year of 1914 the plant 
generated and delivered to the lines 348,000 kw-hr. of energy. During 
the same year the energy recorded on all of the customers* watt-hour 
meters and otherwise accounted for was only 251,000 kw.-hr. Hence, 
in this instance the energy distribution loss was: 348,000 — 251,000 «* 
97,000 kw.-hr. 

Example. —In a town of less than 1,000 inhabitants in Iowa where a 
110-220-volt alternating-current, three-wire system (without trans¬ 
formers) is used for distribution, the central station delivered in 1913 to 
the lines 25,000 kw.-hr. The customers* meters, for the same interval, 
recorded 23,000 kw.-hr. Hence, for this plant and this year, the dis* 
tribution loss was: 25,000 — 23,000 » 2,000 kw.-hr. 

7 
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Example.—F or the year ending .Jurm .’10, HM.V The iViii'' 

and Light Company, which operate® in the; Stuff® of < ,®1: * >.,t 

Washington, generated or bought 45,173,923 kn,»In. »•» * n* ir' I 
the same period, the energy delivered to mud Miner.; or **M»n*.i * a * 
counted for was only 37,746,854 kw.-hr. lienee, tim *!; h ' 

for that year was 7,727,069 kw.-hr. 

16. Distribution Loss Includes all of the energy vihirh k md 

delivered to customers or otherwise accounted for and is made 
up of, or comprises, a number of «ccomhiry hm^ which nm\ I m 
enumerated thus: 

(a) Line loss (P X It Umsm) in the. line amduriorre ffiakrc, 
mains and services . 

(h) Leakage loss (dm to insufficient, inmkimn f yruuutL 

against trees and the like). 

(c) Transformer Ions (dm to the iron nod nipper Im.v* » 
in the transformers. These occur only in alt* rtsotiH>erum U 
plants ). 

(d) Meter loss (due to slow meters and to the thtf-n'rol l wo <■ * 
within the meters ). 

(e) Stohn-mergy loss (occasioned % u theft of ei/m*«r\u 

17. The Line Loss—that is the kilowaft-hmim energy hot, 
in the line conductors—can bo readily computet! if the tem \* 
ance of the line and the current in it m known! lieeatiie: Mufti 

line loss ® (line current in amp.) % X (rmmkmce of line in otamk 
Then, if the watts power loss thus obtain*?*! bo multiplied by 
the number of hours during which the current flow**, tint kilo- 
watt-hour energy line loss will be the result Since tin) m rrnif. 
ina distribution line is seldom constant, it m tmrnmry to recog¬ 
nize this condition in computing energy line lusit Tim line 
current will vary from hour to hour and month to month. 
However, the approximate loss can be readily calculated if 24 - 
hr. load curves for four typical month* of Hit? year- my 
March, June, September and Decemlicr—nn? available* The 
load factor of the plant has, obviously, a bearing m tin line 
loss. The process is a trifle tedious and a detailed tkmripimt 
of it would be out of place hereof 

* MUctrtoal Rmdm, Nov. IS, ISIS; p, 901* 

t Fora ©omptel ®dhowdm of tins »«titi#cl mm Omr mml WMttfta*, Kt.mrmr I 
Station Dmmmmm Btwmm p* 274. 
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Note. —The line loss may be either a large or a small proportion of the 
listribution loss, depending on whether large or the smallest feasible 
conductors are used for the distribution lines. If the designer provides 
excessively large conductors, the line loss will then be very small. 
Eowever, as plants are usually designed, the line loss is relatively small. 
The matter of the economic conductor design is treated in detail in various 
standard works. 

18. The Leakage Loss will be determined wholly by the 
thoroughness with which the line was originally constructed 
and by the effectiveness of its maintenance. If the conductors 
are supported on insulators of proper design and material, if 
the conductors are held away from tree branches on insulators 
and if the trees through which the line passes are well trimmed, 
the leakage loss will be very small. There is no practicable 
method of computing the leakage losses. They can be deter¬ 
mined by test, but this is usually impracticable, because it in¬ 
volves the simultaneous opening of every consumers 7 service 
switch. 

19. Transformer Losses are subdivided into copper losses 
and core losses. The copper loss of each transformer varies 
with its load and with no load on a transformer its copper loss 
is very small. The iron loss is practically constant so long as 
normal line voltage is impressed across the primary terminals 
of the transformer—whether the secondary is loaded or not. 
The transformer loss is likely to be a large proportion of the 
total distribution loss, particularly where the load is almost 
wholly lighting and the plant operates 24 hr. a day—because 
the core loss is “building up 77 every hour that the transformer 
is connected to the line. Small underloaded transformers are 
a source of excessive loss. Hence, the capacities of trans¬ 
formers should be carefully determined so that, in general, a 
few large fully-loaded transformers will be used rather than 
many small underloaded ones. 

Note. —The transformer loss of a system may be computed approxi¬ 
mately, if the ratings of the different transformers, theii efficiencies and 
the loads and duration thereof which are imposed on them are known. 
The process is tedious but feasible. 

19a. Meter Losses are relatively small although they may 
in the aggregate be, contrary to the generally accepted opxn- 



^ Transformer^ 


10 


CENT HAL ST A Tins'S 


! tin ’.‘it 


ion, greater than the line losses. The power loss in the shunt, 

or voltage noils of watt-hour meters 
will, probably, range bet ween 1 watt 
and 4 watts. Meters of the older 
. designs appear to have tin; greater 
| losses. The power loss in the volt- 
ago coil of an average modern meter 
| is, likely, in the neighborhood of 2.1 

2 watts. The {rower loss in the rur- 

3 rent coil is very small, almost neg- 
2 ligihlo, oven when it does occur 

and it occurs only when current to 
serves a loud is passing through the 
i motor. But the loss in the voltage 
| coil occurs continuously—ns long iw 
'■§ voltage is impressed on the meter. 
| The total aggregate energy low thus 
"3 involved may lie relatively eoiisider- 
Tj able as indicated by the following 
“ example. 

.5 Exampus.—I f the power low in the 
| voltage coil of it, watt-hour inetnr ta 1J 
I watts and the meter is connected to the 
*5 lines of a plant gi ving 24-hr. service, what 
a will be the energy low in thin roil In a 
J year? Hoi.orios. —There am tt,7tKi hr. 



j- 

0 


3 


/ 

/ 


| in a year. Hence, the energy him in a 



^ year would lie: 1.5 umtU X h,7iM) hr, ** 
■§ 13,140 vxitirhr. «■ 13.1 kw.-hr. 

.| 20. Stolen-eaergy Lots w, ohvi- 

I ously, difficult of determination. 
J Whether or not it aasumee material 
7 values depends largely on the policy 
^ and vigilance of the concern which 
^ is giving service. However, In any 
case, it to likely to bo hut a small 
proportion of the total distribution 
loss, but it is, probably, huger than 
most people imagine. 
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21. A Specific Numerical Illustration of Distribution Loss anti 
the Segregation Thereof m ynvn grapliiraii> in io$y ¥ f i I* 1 * 
valuta t!n.!n 4 shown,ami ;*!*«» in Tabb* 22, wmr r«*m|mf*^I 

from actual operating ft*r 1h«* %*%%v f f 4h», <4 it *vnfmi 

sta!ion plant in a n\y nf ahum fi..%fMt inhabitnub* in 
r\m lK)-ryi’l«% t wn-plia--*', * 1 i.nf nbnJ i»nt yyMntt umbi rnnnblom 
tinii rnmpriso* \ • *H h primary am I a I In 22H-v«*lt n # ibtw* 

win* swumlary. \\hi!«* flir ion 1 *i%h ?n4i«’fit«'fl in ¥ig, 

4 in groan t than it w^nbl bo in a \%rll ^li^ignotl * I ml nbiif i*ni 
plant, fhori? firi% prohablv, unmv small rrnfrnl-sfnfimi yvMmmt 
ojierutiug in tin* hiiifnri Statin* vvhirh r*uibi inif nhnw n itiorli 
bn! I nr jH'rfftntuttwv. 

Iai*j. %** 1 Man * \ * *r f**IM yMnyiMf ? a 1? * 4 »b'M *♦'**! 

$ 4'iiwml * * 0 > un^.n »ni *4 *Pi»» r+*nO 4 '»t p* 

f 4 ih* r * on*' v 4, f i »'m mi* * ipftV f OmMiPm ** u * mp* y*ii # !#iit 

l*;y 4«f, IImhm tM‘ ip • ?ii. It n A'*n, nVMWiO yMtOCif M L+ ** 

IM? /,*< >h , 4 ?b » ■>» 4 ?. If wv *M‘«a y*’*l, fin ff.ijns ?*f 

< 1 n ’, M P *h« Ills*' ff rt t \%t 4 I * U ( b/**•*'# 

w* ?** i*Wp t 4^ i' 1 nwti in *1 ii4»- .v» &pr»in *-ntni«ao* nt 1* J »»#• !**«** 

nr ^htb ti * n« rtf i <u r * n .<!**, P p?* f Md h* nv^ 1 u mI fliat 

ii*rl'i4r*I in iL« fc * fa*'** ^ mpirii ".m 4. 

"ifi*’ ili*4?iPrrff3i in p! 1 in? nn In4* 4 Ml r.ingjnf, m **y 

fmfii 2 kvti, fn 10 all Innr l,*f#rin njnO# *f0 l vit in 
i # f ibnl#!/ tt'my hi ? in M' %t%\Mnihi*' i* ^ *' m i,f *44 I?n4f »i* i<* 

Hirfr ^I *tp in fin HiftOiitPnni tut m r#p»i» P * 

fmrif JtMt limp, f« ^ ; nil Pnt II wn*> **1 Ml w tn|# in # Pi 

llinfr a rtit ?Ht 4asnp v an naar 

A «*r # n#i4rf»ln 4 ii nf 4nni I *# 1 nn4 Tnl4r ill 
if«f»#f t ?ijp > f’ ht m%nw, ^ ligP a 0 * friiii4?»f if flM fc 

j# Mi In* in t»f*«fsin#4 a t*<4nn M" unv m f ^^Aw.plr «|n* 

Imnwt hm %m infill fin f t hI mnt »?f Mn OnPrit 'Pna# !*«,«# *t ta» 
litfiliir bum #ii gmut^f by I/IW bw.«br tl»«ii tftft liti« bum. 
it!»♦«» tl»l ill# iitiiallf fiiflititt that tin Pur l»m n almaya lli* 

ti it#f iifpffiPnMnti lawr# in $y fi»#f l*%‘ Irirniiu, #|^*|# \m 

right. 

Tb^ tlala tfttii&aUt tli« ennditinM obtuiniftg; in the? ittimlb 
ciiy dlitribuUon platil ditteusaitid in toum tlelttil in lift pfu«p|* 

isf iii|iliiifiii«iin 
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22. Example of Losses in the Distribution of Electrical Energy 


Item 

Annual 

kilowatt-hours 

In per cent, 
of energy gen. 

In per cent, 
of energy deliv. 

Line loss. 

10,000 

2.9 

4.0 

Transformer loss. 

75,000 

21.3 

30.0 

Meter loss. 

15,000 

4.3 

G.O 

Total distribution loss. 

100,000 

28.5 

40.0 

Supplied to system. 

350,000 

100.0 

140.0 

Delivered to consumers and ac¬ 
counted for. 

250,000 

71.5 

300.0 


23. A Distribution-loss Factor is that value, relating to some 
particular system, expressed as a percentage, which, if the 
energy delivered and accounted for be multiplied by it, will give 
the energy lost in distribution. It is the per cent, of energy 
“sold” which is lost and unaccounted for in distribution. 
Therefore: 


kw.-hr. distribution loss 


(1) Distribution-loss factor = ,- 7 — T Y . -r y . , . 

kw.-hr. delivered and accounted for 

(2) Hence, kw.-hr. dist. loss = ( dist.-loss factor) X (kw.-hr. del. 
and acc. for). 

and 

7 r 7 t j - kw.-hr. dist. loss 

(3) kw.-hr. del. and acc. for = — r _ ^ .- 

J dist.-loss factor 


Note that the kilowatt-hours delivered and the kilowatt-hours lost 
must both be measured over the same interval of time—preferably over 
an extended interval such as 6 months or a year. 

Example. —In the case of the Missouri small-city system (Art. 21 ) 
the energy supplied to the system in the year of 1913 was 350,000 kw.-hr. 
During the same year, the energy delivered to consumers was 250,000 
kw.-hr. What was the distribution-loss factor for this plant for the 
year 1913? Solution. —The distribution loss was: 350,000 — 250,000 
= 100,000 kw.-hr. Now substitute in equation (1): Dist.-loss factor ® 
(kw.-hr. dist. loss) -*■ ( kw.-hr. del. and acc . for) = 100,000 - r * 250,000 
= 0.40 = 40 per cent. Hence, the distribution-loss factor for this 
plant for this year was 40 per cent. 

Example. —In a certain small town of 500 inhabitants it was estimated 
that the total energy sold would be 10,370 kw.-hr. annually. If it be 










Si hiyruwr't MX-UISS l t fTntlS !•? 

,T * * ♦ ft <* ' * « T ,)* } m 1 J t * <1 f i v A 1 *,| * * t' * ll**’ 1 * ft I ‘ M 1 

m '* H'» 1 * <* *i ft*. »•' »* *\ k ft 1" ft* ’*•’ "» '•** 

j,t r * * . 1 *f . * ’ 1 * , ' ’ 1 * /! 1 f f f ftft M 1 • ** ' f ft > 1 

\ * ‘ ft' ’ , i' ft,. lit’, r J ’ * , »*i t ’ ’ • f . "ft * f " ‘ f 

I t * f v , M \ ft *' »•. * 1 ,«■ U 'M |» iM *1 \ 

; (| i ( ''«••** H ft " * ft, *i, !» f * II <* .< 't I ! - 1 ’ 

|m;, -i 4 5 ‘ ,M ,M ' ft 1 I ft „»* V! I * ** 1 * I \ > i 

nr, i m • ' ' ' i . t*t, ;;m i i *»,m i f * ' 

| /s , *' , M , f* H . , * . « ! 'V fc <‘ - ft* i ^ 

, i ’ ft > * >? U , . ft »»r ft 'f, ( « ft *,* ! t 

, v ft ft f I r >1 1 ‘ ' I ! > M ’I'l 1 * * if < » ?ft 'ft ? ft 

ft ' » , ft ] , J < * •** , ‘ ‘ + i ' 5 ft.Jj ? »!" * ' ll * « |M 

•. :■ *• *v •> ' ft- '■• 

,y, ,, > , ? ‘. • , ( V ' ’ * v? 

/., y f ; M 1 M K .! * y " Iff ( , , ' ’ 

» Mi f i. i I , s ■ , x • ‘ t h i M * * s r«* is* * m M M t , •» 

HVhU'Ut. 

24, Proh^iljln Fiifiiii*!, tin 1 i , f Mi if u 

mJI |i?« *l> jSi\ T ;nj *5 >' 7 , I* ^ r* * nH ^h’l* ,h*? »4* -» ! r * 

nu r m * ,f i.% { iM** ‘/ti, *\ * i «4 itii finiH u finiiM 

i*M Ilf $ \ * * ) * I #f Hi u*t! 11 M t |i * ;H'*I '»*♦ t» 4* f »« 4 f»i 

||f^ H‘|#u <4 Tm |r i 1 1'> <!** fill 4. *. *'* ^ 4l^«ni 

111 m Iff u *‘l m 1 ' ^ *' ft !« ^*»**!, 

ft / fl**| # * f M# fl f f ) 4 *f fliH 4l f I fell**#' f* 4 

r^M \)ti It,’ f V, 41 *U »i4f||HH#| %ii«4h h\ 41 

;ii*U *f I ji 4 itt 4 1 * tt . ' t# in 

* M ' 1 <? «t * »M • * iH 1 I 4 </« 1 t ** 4 H 1 ft* h^h* I **, i l>t» 

4 • 'till %r ^ M't*l s * M • .* f- I' *’'• Hr 

45 M* i^ i /i»'t # ii ,, %# tft f 4’ | *» /»’? I* i4 jit* H ** ft 1 * «*>■ 1 *! Mf 

*4 t j, m t 4 u 1 f* ’M*^ h1 !'!*,, b* it4 *fi*’ fMn * t 

I I f t if 8 ^ If I I > , t< , M /» I* ,1 !*‘*r ^<4 *4 if ^4 * ?i ^ 

ftiil y»* .35 " 4 i 4 t f t»i' nn 4 H. i*>t u f * 4* s** r f{r,ht< 1 * 

i "1*1 * f" 4 t< r <, l* l t i ? ♦«* •/? *| 4 *f f ?> f f 'I 4i.fi* tf* ? w*f*fr f hr is 

#|# f #’w%f < 4i ! h ,«* f ‘ *!*, ri ?» ^ t ^ »M |/i »4*- I r fl ^ ,* # < ft * /** 

r |fjt W 4 I H »* » Hr 4^l'4 ^ %ijh *1 %lf#fr4 I- *1 <if 13 

|iri#lr*y^ f 1*^ f* 4 4* ? I ? i ft*. I If'ft*? rft/MrII* 

ti# liiif 40»« f®cl#r, A htn* If^T Ifirtfif i# n vhIh^ 

kill llif # flltifi «»f Oik %^4iiii 1 I 1 ^ 1/ **n* 4 rMV fr#4iTr nr 

fiilmr lint* nmiii rfimpnund tbrn^f, a %#ftir fn Iff** I* / # 

#^i*Tgy km tfifti wwil4 linvi* tmmtsM in llmf fwl^t m 
rireiiil if %% IiipS !!<*• t umi* 


14 


CENTRAL ETA TfOXS 




mum load over imposed on if. during fin* •iifiu* ymr. IIih 

factor is sometimes indefinitely referred to n* inwel) 
factor. ” It is somewhat similar in derivation tn bad 
which is the ratio of tho avenge had iiiipt^#*4 on a Han*m or 

system to the maximum load imposed on it. t hrdiimsdy, if m 
impossible to obtain the #l#f l 2 X it e?i*Tiry lovi in 4 

circuit, hence in computing line-lu^ find nr \n uu 

estimated approximate value is determined in w*mrd:ui«-e miff# 
the process referred to in a preceding piimgrajih, 

26. Approximate Distribution -to m Factors* \ n\m 1 taa4 
on data from actual practice. Ti§e«e valuer nil 

of the losses tabulated in Art. 1(1 



i 


H’l*** f ****** 


Kind of plant and aeswral Piiinlitliimi 


•i hn 

1 fili# • ¥*#*#* 

1 vmh4» 


Without transformers am! ivelMc- , 
signed; 110-220 three-wire or till* 
volt. 

JO 22# 

: il# 

fl 

Well-designed system 2,200, 2,400 m 1 
6,600-volt primary and 220 or 44ff» 
volt secondary; largely power fowl of , 
reasonably high bail factor. 

\u %% 

SJM 

I 

Well-designed system; 2,200 or 2,400- 
volt primary and 110-200-volt three* 
wire secondary*, general lighting and , 
power load. 

so;«» 

3 

if ***» ,, m 


Pooriy-deelgned system; large number \ 
of small transformers; 2,200 or 2,400. | 
volt primary Mid 110-220-volt sec- ‘ 
ondary; general lighting and power. 
load. ■ 

» 4*1 

8 

1 

I 

f m 

"42 

Well-designed; lighting and powe.' 
load j 

8 20 

s 

j 10 


Pttorly designed; lighting and power j 
load. j 

10-2A 

L .»., 




SECTION 3 


MAXIMUM DEMAND AND DEMAND FACTORS 

27. The Demand of an Installation or System’*' " t b»? I<md 
which is drawn from the source of supply ah the receiving 
terminals averaged over a suitable and specified interval 
time. Demand is expressed in kilowatts, kih>volt-w»>|*c»vj« t 
amperes or other suitable units.” It should bo noted ibid, 
“the load is averaged over an interval of time." I fence, 
follows from this definition that there is no such tiling ,lf * 
“instantaneous demand.” In other words, the tlomiwid of 
an installation is the requirement— usually power require* 
ment—of that installation averaged over a time interval. 

28. The Average Demand of an installation is tin* average 
requirement—usually power requirement—-of the insinua¬ 
tion during some specified interval of time of considerable 
duration such as a day, month or year. Hence, the avermte 
power demand of an installation in kilowatts for a jqieofiwl 
interval may be obtained by dividing the kilow«lt»hwir 
energy consumed by the installation during that interval by 
the number of hours in the interval. This method give* m 
arithmetical average. That is: 


(4) Jew. average demand 


kw.-hr. duri ng interval 
hours in interval 


(kilowatt** 


(5) Hours in interval 


Jew-hr. consu med during intrrt*rt 
kw. average demand 




(6) Kw.-hr. consumed during interval (kw.-kr, 
demand) X (hr. in interval). (kilowatt*! 


Examtlb. —If the totalizing watthour meter of a central «t«non 
indicates that the energy supplied by the station to the rnytlrnm h tt|,«» 
kw.-hr. during a certain 24-hr. day what was the average fmwm 
in kilowatt for that day? Solution. —From (4); kw. mem g* dtmmJ 
• A. I. E. E. STAMDABDiz*3io«t Bmma, June 28, ISIS, Sea 07, 
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= ( kw.-hr. consumed during interval) -i- {/«t«ri in vttrrmd) • ■ M,7Ti 

24 «* 2,690 kw. 

29. The Maximum Demand of an Installation or System 
is* “the greatest of all the domandH which have *«•<! 

during a given period. It is determined by 
according to specifications over a prtwriln'd ten" infi-nal ” 
By combining the definitions of ‘Ulcmtntti" and “ on 

demand” above given, it in evident that the minimum demand 
of an installation is the greatest power load ncrurrijur during 
a certain relatively long jxtriod such as a. day, month or 
year. However, it is not the greatest irvfu load 



Fio. JL—'lUuHtratiiift mm «f utantttiitjg at? m mt^m*** *\ 

miatmum »m*r % itthmltmte* 

during that period but it is the greatest avrtiagt* power load 
occurring during any of < ho relatively whorl intervals of the 
specified or selected duration-- such m 1 min., ff» min. or Ml 
min.—within the period. The study of th« following «v 
ample (Fig. 5) will assist one in obtaining an understanding 
of this statement. Note that, as will l«t explained later, 
the load during the specified interval is not iHuawwnnly 
averaged arithmetically because processes of averaging uih«r 
than the arithmetical are being used. 

Examflb.—P ig. 5 shows the graph id a loud extending over • iWbr 
period. The maximum demand of this load on s %M»i»,diit*rv*l 
baas, is, ae shown, 277.S kw. By inspection it is tpput it that the 
load is greater during the 30-mis. interval AB between S:30 and 9 M 

* A. I. a B. SruiBMuntMioa Hvum. Jus* t», l#t«, Urn. SS. 







Sec. 3] MAXIMUM DEMAND AND DEMAND FACTORS 17 


pm. than it is during any other 30-min. interval in the 5-hr. period. 
Then this interval, AB, is the one over which the demand must be 
averaged to ascertain the 30-min. maximum demand for the load 
suggested. 

By scaling the kilowatt “instantaneous” demand at ten equidistant 
points between the 8:30 pm. ordinate, AC } and the 9:00 p.m. ordinate 
BD, ten values of the kilowatt demands at these instants are obtained. 
The arithmetical average of these ten values is, as shown, 277.5 kw. 
Hence the 30-min. maximum, demand (averaged arihtmetically) of the 
load graphed in Pig. 5, is 277.5 kw. 

It should be understood that the method of the above example of 
determining the arithmetical average is not absolutely accurate—but 
it is sufficiently so for practical purposes. The accuracy of the method 
depends on the number of ordinates which are averaged and on the pre¬ 
cision with which the ordinates are scaled. In general, the greater the 
number of ordinates taken, the more exact will be the method. Maxi¬ 
mum demand may also be determined from a graph by using a plani- 
meter in much the same way that mean effective pressure of a steam- 
engine cylinder may be ascertained from an indicator diagram. 

30. The Unqualified Term “Maximum Demand” is In¬ 
definite; that is, a statement such as “the maximum demand 
was 125 kw.” does not have a specific meaning. To render 
the statement of a maximum-demand value specific, it is 
necessary that there be stated: (1) The duration of the period 
under consideration; (2) the length of the time interval over 
which the maximum demand was averaged; (3) the method 
used in measuring or averaging the demand. 

31. The Unit in Which Maximum Demand Should be Ex¬ 
pressed will differ with the problem under consideration. 
Since, as above suggested, demand may be expressed in 
“kilowatts, kflovolt-amperes, amperes or other suitable units” 
it follows that maximum demand may also be expressed in 
such units. What unit is used in any instance should be de¬ 
termined by the purpose for which the maximum demand 
observation was made and by how it was made. Maximum- 
demand values are now, probably, most frequently expressed 
in kilowatts. 

32. Demand Meters (see following illustrations) are instru¬ 
ments which record or indicate the maximum imposed by the 
circuit in which they are connected. They are arranged to 
automatically average (though the average is not necessarily 

f 


18 


('.EXTRAL ETA 770 VX 


iUi :*:( 


an arithmetical average) the power demand over tl.<> M-hrir.j 
time interval for which they are deigned »*r <! :»t.-i. 

Several different types—-the principles and operation of M»m«< 
of which are briefly discussed in the tiurmvling paragraph* 
are available. Where such instruments can be und the 
sity of making tedious computations (for determining »bv 
maximum demand) is eliminated. 

Note.—S ince, in accordance with A. I. K. V, 

Roles 58, above quoted, maximum dcmsuid may b«* ”'iH- ni.ti.-c.J 
measurement according to specificatione" several ihth-nm j»*m< 
have, as will be shown, been utilised for iiinxiTitotii-diui net « *t»i** 
Furthermore, the different motm ojxfruting under f!.*■»«* j.m. 

oiples will not necessarily indicate the name n :»n«l » 

when connected in a circuit serving the same load. 

33. The Reason Why It Is The Average Maximum Demand 
Over a Certain Definite Interval That is of Interest rather lS,;m 
the “instantaneous maximum demand" is tbit*: Maximum- 
demand determinations are made immt frequently if not 
always — to enable one to estimate the rapacity of t}*« 

electrical apparatus or equipment required f» serve » mt»m 
specified load. Maximum-demand values are, it is true, mi* 
portant factors in the fixing of rates for electric service, but 
the reason that they are of importance is because of the l*ear« 
ing that they have in establishing the capacity of the nqtiiji- 
ment, or indirectly, the investment that will lss required u» 
serve the consumers. Now, practically all electrical apparatus 
will safely carry considerable—possibly 100 per mil. or greater 
— overloads for short periods without portr»Mten% advwm* 
effects. Hence, it is not logical or economically dtwi ruble to 
so select the capacity of a device that the device will lie capa¬ 
ble of carrying continuously the kilowatt load which will lm 
Imposed on it only momentarily or for very short intervals. 
However, the device must, if it is not to be damaged, lie capa¬ 
ble of safely and effectively carrying the maximum load which 
will be imposed on it for contimied periods. For these zmmm 
“maximum demand'' is defined aasuggested above. 

Rsusom*,—Fig. 6 is the graph of tee power load to be itapMMetf «i a 
certain generator, shewing how the deroemi ia this partkuisr «mm vs dee 
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with the time. At A, B, C and D are load “peaks” of respectively 180, 
230, 200, and 290 kw. But all of these peaks extend over relatively 
short intervals, possibly from 5 to 12 min. Hence, it would not—for the 
reasons outlined above—be logical nor necessary to select the capacity 
of the generator, which is to be installed to carry the load such that it 
could carry continuously the 290 kw. of the peak D, the 200-kw. peak of 



Fig. 6.—Graph showing power load to be imposed on generator. 


C, the 230-kw. peak of B or the 180 peak of A . However, at EF is a 
demand of about 150 kw. which continues for something over 30 min. or a 
half hour. A demand extending over this period would have a very 
appreciable heating effect on the generator serving it. Hence, in this 
specific example, the consideration that should, probably, determine the 



Fig. 7.—-Graph of current (amperes) demand, made by a graphic ammeter. 

capacity of the generator to be selected is the 30-min. maximum demand 
EF, of 150 kw.—it, of course, being assumed that the load conditions for 
the 4-hr. period graphed in Fig. 6 are fairly typical of the conditions which 
exist during mp period of the generator’s operation. 

Example,:—J a Fig. 7 is reproduced a (reduced) portion of a graph from 
a graphic ammeter. The SO-min.-ampere-maximum demand for the 
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load which this graph records is, m shewn ft? (\ about 1,IM map, 1 Im 
peaks at A t B and I) mimmmi very-ehwtdiitcrvi*! tlrmittula whirl*, 
probably would not be t#f great conmftieitr** in rhmmm tbr |*f«prr 

capacity of electrical apparatus to ftt?rrr ji load of the fhmrnrmnmw^ 
shown in Fig, 7, 

Example,—T he piece of a graphic watttsmier record »hrmu m I "m* * 

records short-period ionics at A, ffiifid E, flu* l.rWiiii, 

mum demand of this loud is iibfiiit 1,000 kw, mt ahowt< nf * the Mh 
min. maximum demand is about Wit or OAO kw», mi wlrnmn til /A 

34. The Time Interval Adopted in Practice! for mumumno 

demand determinations, over which Ilia <l*<tmtnd m 

averaged* varies somewhat with the ehantH«*rmtir# «f tlir 



Fie. 8.—Graph of power demand mad* by ft gmpttta W irtirif#4#awitts** 

wattmeter* 

under observation and with the potsry of flic mmemn wiiwdt in 
measuring the demand. Probably a Ihmin* iiiirml m mm 
used more generally than any other, Mmm* t whm n fmmmwn 
demand in kilowatts or mn^mnm is sjsmftod and no %mm iiifrr* 
vaJ is stated, the chantm am that a IJJ-fittii* interval m nanally 
implied. 

Nor*.—ll appear* that il k the Omtlmrp of mam #f tbe Pitt# 

Service Commissions to mlmmim m 3fNtiitt, Utm taferval life 

latervid—other ttilnp being equal < k, il it tie mtm k%$kd 

for equlpmeat-eapaeify dntfrffnbmikms than k a iitiirb lm*%m u$ * mmh 
shorter one, for this Wfumm it li possible that a MNtiiitb Interval mt» 
■in the future, be adopted mom generally. Thm m% til#» bit very 
* A, 11,», %mm* Me* IT* 
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few cases where a demand interval much longer than 30 min. should be 
adopted. 

36. The Time Intervals for Which Maximum Demand 
Meters May be Adjusted are different for the instruments of 



Fig. 9.—Typical characteristic curve of a laggod-typo demand meter 
made for-a 15-minute time interval. 
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Fig. 10.— Typical characteristic curve of a lagged-type demand meter made 
for a 30-minute time interval. 


the different types. One type of thermostatic indicator is 
adapted for only one interval—30 min. “ Printometer” 
indicators (see following illustrations) can be obtained which, 
by providing a suitable contact-making clock, will print at the 
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4 djto of every 5, 10, 15, 30 or IMkrain. interval. Watt~iiour» 
(lemand meters can be obtained which will indicate the average 
maximum demand over 1,2,5,15 or 30-miu. intervals < tllier, 
induction-type, demand meters can be adjusted for only 15* 
min. and 30-min. intervals. In certain cum?# difficulty ban 
been experienced in obtaining accurate readings over interval 
much shorter than 5 min., because, apparently, the maxiimmi- 
demand mechanisms are unable to operate effectively on Hhorf- 
interval calibrations. The “ Wright” fnaximuin-denmnd 
meter which is, apparently, being superceded by other fyjpt 
has a time interval of approximately 15 min. Figs. f f ami 1ft 
show respectively typical characteristic curves for a 15-iniii. 
and a 30-min. demand meter of the lagged type. 
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37, The Methods of Avers^inK the L*m«l Over a Specified 
Time Interval to obtain the triAsimum «k*imuwl rn»y !«■* 
divkkul into two genera) rttvma, (i ) An!i<iMlnnl itn 
The maximum detrutnt) value obtained by this inntboi) B 
sometimes sailed an integrated maximum demand. (2) 

than fA# arithmtikml. 

Where a maximum demand vabu' is «»j»»fiut«4 from tl»e 
record of a gmjihte instrument (m for example in Fig, fi) or 
from it mtim of r»wlmK»> lo>m an imlicating itwlrtintniil, the 
arithmeticnt av» t»g<‘ lb« w«’ radinarify lati n, Furtbir- 
more, the integratiny, tyj»« demand metem provitle maximum" 
demand values which may 1st averaged or wbieh h»v© lawn 
automatically avwagwl auUnimiu Alty over the time interval 
for which the ioslrumnni in wtt, 

Maximum-demand vature provitiwi by ttutitin of the so- 
railed laggo'My|ie demand ttiHer* ant i»vomg»-d by Urn ir*#trw* 
mont, not arithmetically, but ''logartthmirally or trlherwow/' 
It is unfortunate that rntm one mothorl of averaging to obtain 

I_ _____ _____ ._.............^ t^. 
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cause, until some specific one is, there will he cnubr cm. \ 
conditions now exist, when a luiiximmndeucnid vido«< i > 
stated it has no particular significance mile > 'Upp’cmcnt.ii.v 
information is added. Tin; reason why the difiVieiti melh<«h 
of averaging are encountered, is that the difiVun! cpemiing 
principles utilized in the several types of demand un-*ei> now 
manufactured, inherently provide different averm/im* me! hods. 

38. Demand Meters of Different Types Will not Always 
Give the Same Rating on the Same Load, iterator, a-, above 
suggested, of the principles that they involve in ''averopng M 
the demand over the specified lime interval. If n nund-ei of 
demand meters of the different tyjnw are nli eonn**etod to the 
same steady load for a sufficiently long in‘erv.d of tim** all of 
them will ultimately indicate the same uminmijed* numd 
value. But on fluctuating loads the demand valine indi¬ 
cated by the instruments which oftenhe on fhe different 
fundamental principles, some! of which an; hi jelly di-ru* »-d 
below, may be different. 

39. A Classification of Demand-measuring Instrument* i* 
shown in Table 40. While this pchtsluln is not complete it 
suggests in a general way the underlying charaetanbLie* of 
some of the devices most frequently used in America, It j* 
not unlikely that at some future time, because of the ’‘survival 
of the fittest” law a much simpler classification wilt com¬ 
prehend all of the demand-meaauring instrument* lined 
commercially. 

40. Classification of Instruments Used for Determining 
M a ximum , Demand.—This is baaed on the gnuoral arhetno of 
classification originally proposed by Mr. C, I. Hall of the 
General Electric Company. The lint of Instrument tabu¬ 
lated under the heading “Kinds of Instrument* or Indicator* 
Available” is not intended to be complnfo m lines of imlrti- 
marts for this service may now be considered m being in the 
development stage. 
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41. In Determining Maximum Demand With an Indicatii 
Ammeter it is necessary to observo current-inf nnsify vain** 
equidistant intervals on the circuit under cnnmdwjd i* >n. Th> 
those values may bo plotted into a graph mmihu t»* thrti 
Fig. 5, wherefrom the maximum-demand value over the > 
looted time interval can be computed. If it is nmwary th 
the demand value be in kilowatts it is also nmawiry to o 
serve simultaneous voltage values wherefrom the power can i 
computed. On the commercial constant-potential eireui 
it is usually considered unnecessary to make simubaneo 


is usually the most important for this service, 
load is reasonably steady it is usually sufficient to 


Xwemton Current kt Wbkh \ . „ 
tonCm- JtbthgUmMHit ' * 

R«. 12.—Kn«pp twit w>t for determining 


ment readings every & min. But with fluctuating loads it may 
be necessary to take readings ©very 1 min. or even at shorter 
intervals. 

42. An Ammeter for Direct-current Line, Maximum-de¬ 
mand Measurements is diagrammed in Fig. 12. This may 
be utilized on either direct-current aerial Hue wires or on singlo* 
conductor cables without its being necessary to open the con¬ 
ductor under test. The device may be considered m rattipriaing 
two essential components; the exploring coil, and th**i meter, 
M, The meter, M, consists of four elements: (1) m ammeter, 
I, which is actuated by the current flowing from the battery 
through the fine-wire winding, W, of the exploring ©oil; <$) 
a variable resistor, B; <3) louHHAtage battery, N; and (4) a Jim 
polarity indicator, P. 
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Operation. —When used to determine the current in the conductor 
the hinged section of the exploring coil is opened and the coil is placed so 
as to encircle the conductor. The current, in the conductor A under test, 
creates a magnetic field in the core of the exploring coil. This flux will, 
provided the coil has been placed over the conductor under test in the 
proper direction, cause the indicating magnet, which is mounted in a 
small air gap, to move in a clockwise direction establishing a contact at 
B and permitting current from the battery to flow through the winding 
of the relay on the instrument. 

This causes the flux polarity indicator to move toward the right, show¬ 
ing the observer that the indicating magnet is, because of the influence 
of the flux due to A, making a contact with B. Now, current is per¬ 
mitted to flow from the battery through the ammeter winding of M and 
through the fine-wire winding on the exploring coil and this current is 
varied by adjusting the variable re¬ 
sistor, R, until the counter flux, due 
to the battery, just neutralizes the 
flux due to the current in the con¬ 
ductor A. 

When this occurs the indicating 
magnet will swing out of contact 
with B and the flux-polarity indi¬ 
cator will notify the observer thereof 
and the current read on the ammeter 
scale, Ij of the instrument M will in¬ 
dicate directly, or will be propor¬ 
tional to, the current flowing in A. 

The exploring coil may be used at 13.—Portable transformer 

any reasonable distance from the open, cable having been inserted, 
meter provided the number of cells 
in the battery is correspondingly increased. 

43. For Determining the Maximum Demand in Alternating- 
current Lines the currents flowing in the line can be ascer¬ 
tained with a portable testing transformer such as that illus¬ 
trated in Figs. 13 and 14. The complete outfit (Fig. 14) 
consists of an alternating-current ammeter, a split-type 
current transformer and a suitable flexible lead for the inter¬ 
connection of the two devices. To measure the current in the 
conductor the transformer is opened (Fig. 13) then closed 
around the conductor, after which the ammeter (which has 
been properly calibrated for use with the transformer by its 
manufacturers) will indicate the current intensity in the con¬ 
ductor under test. 
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44. For Determining Maximum Demand with a Graphic 
Wattmeter or Ammeter it is merely necessary to examine the 
graphic record produced by the instrument for the period under 
consideration and thereby find, by inspection, the greatest 
power demand that has occurred in any time interval of 
the prescribed duration. Fig. 7 shows a typical record 
from a graphic ammeter while Fig. 8 shows that from a 
wattmeter. These illustrations have been referred to in pre¬ 
ceding paragraphs. 

45. A Westinghouse RO Demand Meter is shown in Figs. 
15, 16 and 17. This might be called a lagged-type in stru- 



Fig. 14.—Portable outfit for the determination of current in alternating- 

current lines. 


ment, inasmuch as the movement -of its demand pointer is 
retarded by the action of an escapement wheel (F, Fig. 17). 
It is made only for alternating-current service. The general 
operating principle is the same for the single-phase as for the 
polyphase meter. These instruments are installed in the 
same manner as are ordinary watt-hour meters, no additional 
apparatus or wiring being required. Each device consists of 
an induction watt-hour meter to which is added the maximum- 
demand-meter mechanism. The maximum demand, in kilo¬ 
watts, is indicated by the pointer, which moves over the 4-in. 
dial. The integrating energy is registered in kilowatt-hours on 
the four-dial counter. 
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Construction. —An auxiliary aluminum disc/wpuple&4» . 
the air gap of the watt-hour meter electron?!® netrW ^oVi&‘ed v tb^dtivb 
the maximum-demand pointer P. The speed ^movement of the pointer 
is, through gearing, retarded by the main dfcs.c. ^rb^actjas its mak^j>' 
states: The mechanism is very similar to that or^j^ijv.dpcTcT~35h^ 
auxiliary disc (A, Fig. 17) performs a function somtew foS InM ar 
of a main spring, in that it furnishes power for driving the aemah’d 1 pointer 
and the escapement F, while the rate of progression of the demand pointer, 
P , is controlled by motion of the main disc—which performs the function 
of a balance wheel. It is, then, to be observed that the function of the 
main watt-hour-meter disc is, insofar as the demand mechanism is con- 



Fig. 15. —Single-phase watthour Fig. 16.—Polyphase watthour 
denmnd meter (Westinghouse Type demand meter (Wostinghouse Type 
RO). RO). 


cemed, simply to regulate the rate of diction of the auxiliary disc A 
and the progression of the demand pointer. The main disc supplies no 
power to the maximum-demand mechanism except the negligible amount 
required to oscillate the escapement claw. 

46. The Principle of Operation of the RO Demand Meter is 
this: When energy flows.through the meter, the main watt- 
hour-meter disc (B, Pig. 17) is forced to rotate the same as in 
any alternating-current watt-hour meter. Its rotational speed 
is, obviously, proportional to the load. The auxiliary disc 
A, which drives the maximum-demand pointer, will also tend 
to rotate. However, its unrestricted rotation is prevented by 

62i^J?|3 32,66 
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the action of the escapement wheel /*’. Knw, the main d>«-. 
driving through gears ./// and I (which have m* connect i»m 
with the auxiliary shaft.) oscillates the OHfrqH-mont by moan* *•( 
the cam O. Thus, tho auxiliary disc is |ienuitt»-l u, t wing. 
but at a speed proport ional to the load. A* fir > <n\* m> n< 
claw oscillates, the teeth of the escapement, wheel t»r»> allowed 
to pass, one by one, until the tension of the spin*! spring f 
balances tho rotating torque of tin? auxiliary disc. The me¬ 
chanism is then in equilibrium, this demand punter indn-rPing 
the load. But although tho main disc may continue **i rotate 



Fw*. 17*—I>kgmtwitiaite r#pr#«»»lmlliifi of »t«efcikiti«fff of Yffi# 

HO meter. 

so long as the load is maintained, no further detection of it 
(or of the demand-indication |K»int»*r which it drivna) occur*, 
since the escapement claw is now oecillating freely ItHwinn 
the teeth of the escapement wheel. 

Now that the escapement wheel I* la not driven dirwtly foam ih» 
auxiliary shaft by gear K, It la driven by a ratchet wheel /, mounted 
on a sleeve, which is loose, on the auxiliary shaft end to which the gear 
K is attached. Jliia ratchet wheel ig propelled by a paw} carted by m 
arm fixed to the auxiliary shaft, this device oauem the detection of the 
auxiliary dise to be retarded by the e*e«peme&t wheel when the printer' 
is advancing across dte scale, but allows the diae to drop back trendy to 
equilibrium when the load is reduced. Bence, tee auxiliary dwe will 
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always tend to follow the variation in load; at the same time the demand 
pointer will always indicate the maximum demand up to the instant at 


which the instrument was observed. 

To reset the instrument, the reset¬ 
ting button T is pressed. This raises 
the pawl from the ratchet and the 
pointer is then, by the action of the 
spiral spring S, returned to zero or to 
the position of the auxiliary disc. 

47. The Time-element Feat¬ 
ure of the RO Demand Meter 
may be explained thus: When 
any constant load is being 
metered by the instrument, the 
time required for the auxiliary 
disc to reach equilibrium is con¬ 
stant. Thus, assume that the 
demand meter is so calibrated 
and adjusted that it requires just 
15 min. to reach equilibrium when 
the constant power load being 
metered is 500 watts. Then, if 
this 500-watt load is discontinued 
and the meter cut into a circuit 
carrying a 1,000-watt load it is 
obvious that the demand pointer 
will deflect over exactly twice the 
angle obtaining with a 500-watt 
load, however, the main disc is 
now rotating at twice its former 
speed. Hence, the pointer will 
attain equilibrium in the same 
time interval (15 min.) as with 
the 500-watt load. 



48. The Wright Demand Fig, is.—T he Wright demand 

Meter (Figs. 18 and 19) might 


be classed as a thermal-type lagged instrument. It indicates 


ampere only and not kilowatt demands. The principle Is 


diagrammed in Mg. 19 . The current, or the shunted part 
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thereof, to be metered, flown through the resistor mil of jilnti- 
noid, Cj which in wound around ini enlargement A of it l’» 
shaped hermetically sealed glass tnlm. Thu Inlio m pnrftally 
filled with sulphuric acid or similar fluid. When current ibnvs 
through <7, the resistor is heated f hereby* Tin? air nilldii the 
bulb A is expanded which forces f lic liquid i« risn in the h% 
L. If the liquid risen above a certain height, //, it flown over 



into the small graduated «!#}«•%* 
tube. The quantity *>f liquid 
which flows into tin? index tul»i 
may bo taken I u indicate t|i« 
maximum demand, If the 
index lulitt Ima uniform buns 
ilio height of Uni liquid in it 
will flicit! bet ii rrimsurr nf tin* 
square of the* maximum etirnmt.. 
In the iictiiii! ifiPlniinriit tfw 
divkicitii hmmm in nfiarittg 
from tliii but.tinn up. After 
fin rung bt*?rt n&d, ff§it meter 
can I .m rm&i hy tilting the tub**, 
allowing tliti liquid to low back 
into II T!t®§tt may \m 

iiiiiil oti either alternating or 
direct-eurrent e i r *? *t i f * ami 
while they have ifinm diiunrlvan* 
bifw there mm a great many t»f 
them it uee* Tim d«Hign of the 


Fio»x|,—niu«tffftttiigtiM>pHAd|4« device hm ml Imm dtrnmi 
2 T*** " “* Wri *“ i„ 


. sir in Uin tulm boat* JcrfMlitmtt y 

the instrument provides a certain time Jag. It* nmrmfarlurw* 
state that if a steady over-demand continue fm !* min., Hi 
pw art. of the lead win be indicated; 10 min., M per mu 1.; 
80 am, 100 per cent 


49. Thermal or Thermostatic Meters of seven) different 

jpm bwe been proposed* in ihtm Um tmwimni of tlia 

demand-meter pointer is usually actuated I ty the expanabn 
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of the fluid or gas. They are all classed as lagged-type instru¬ 
ments. Figs. 9 and 10 show typical characteristic curves for 
instruments of this general character, which were designed or 
calibrated for 15-min. and 30-min. time intervals, respectively. 

50. Of the Integrating Indicating Demand Meters the 
General Electric Company’s M-4 for alternating-current and 
M-5 for direct-current service (Figs. 20, 21 and 22) are typical. 
These demand meters operate 
hour meter, substantially as 
demand-indicating element is 
register of the watt-hour meter. 

Fig. 21 diagramming the mech¬ 
anism of an alternating-cur¬ 
rent meter, illustrates the gen¬ 
eral principle. 

Operation. —A contact C (Fig. 

21) is mounted on the watt-hour 
meter. It completes contact each 
time the watt-hour meter has made 
a certain number of revolutions, 
that is, every time a certain number 
of kilowatt-hours of energy has been 
registered by the watt-hour meter. 

Whenever C contacts, operating coil 
0 is energized and pulls over its 
armature. This advances ratchet R 
one notch. In this way the friction 
pointer is propelled forward—^he 
motion being transmitted by the 
ratio gears—as energy is consumed 
in the circuit being metered. The friction pointer is not rigidly con¬ 
nected to shaft $, but is pushed by the dog D, which is rigidly connected 
to S. It follows that the position of the dial-pointer on the scale is de¬ 
termined by the energy consumption registered by the watt-hour meter. 

However, so that the readings of the demand meter will—to satisfy 
the definition of maximum demand quoted above—indicate the demand 
over a definite time interval it is imperative that the dog D which drives 
the friction pointer over the scale shall be reset to the zero position at 
the end of the specified time interval. But the dial pointer must be per¬ 
mitted to remain at the most advanced location on the dial scale to which 
it has been forced by the dog. The mechanism of this timing feature is 
this; 

% 


in conjunction with a watt- 
suggested in Fig. 22. The 
driven electrically from the 



Fig. 20. —-Alternating-current de¬ 
mand meter diagrammatic repre¬ 
sentation of which is shown in Fig. 
21 (General Electric Co., Type 
M-4). 




me amrmn 
by the field p 
to the disc in 
rotate by the 



iaiilil 


>Cmtmt m 
Vfeffhour Meter 


tkmmit Mittr 




7i 


f i 

!*»**? 

#*###■ 




J^^wemmatt# wpiwntatifia of Mltf of 

MterMtlng-eumut demand w*twr, (Omml ttfatrfe <“«*., 'fW M |. 
Fortn AA). The <K«e«KHi4l#g ifwWwwl t*wt#r fftw* UA, 

•WP* that th© disc and abaft l» »pt##«§ t»y * rtel 

sash a watt-hour meter. Now, sines Ibe «on|«M agaiM* mhkh ttw rfw* 

f wockin * 18 "* ne » **» frequency of the aiternsitof run**! 

Is constant, the dwe always rotates at a constant *jw*d. 

lie njeehantaa k m designed and calibrated that «tlb« end «f earb 
“ the time intervals for which the meter baatam a djmrted (far «»mpk 
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at the end of each 15-min. interval or the end of each 30-min. interval) 
the trip levers T, by the action of the cams K, will be pulled together by 


Alternating Current Lint 


CutOut - 
Snitch-* 


'Service Entrance 


Leads to 
Transformer* 





'-Watt hour Meter 


"''Leads to Contact on 
Watthoar Meter 


Fig. 22.—Method of connecting alternating-current demand meter for 
440 and 600-volt loads. For 110 and 220-volt loads, and for direct-current 
loads the transformer is omitted. 


the small spring in tension between them. The cams K are caused to 

rotate at a uniform speed by disc M ___ 

which drives through the gearing 
shown. When the trip levers are 
pulled together the clutch at H is 
released and the spring S will return 
the dog D to the zero position. But 
the friction pointer will remain where 
it was. Hence, the dog is thus re¬ 
turned to zero at the end of each of 
the prescribed time intervals. It is 
obvious, then, that the direction 
pointer will—assuming that its scale 
is properly calibrated—always in¬ 
dicate the maximum demand for the 
period during which the meter has 
been in operation. 

After the maximum-demand read¬ 
ing for the period—for example, for 
a month—under consideration has 
been taken, the demand pointer is 

returned to the zero position by the 23.—Printometer-type de- 

, tt , .i m&nd meter (General Electric, 

meter reader. He unseals the re- Type p f Form AA). 

setting device and turns the handle. 

The direct-current demand meter (M—5) of this general 
type is similar to the alternating-current except that instead 
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of the timing mechanism being c<mtwlU*d by an aluminum 
disc which is rotate*! !>y an alicrtmtiiw-rurmnt i»»K»«jr 
field, it is rotated by a clockwork will,in tin- 'Ic.nnml inrtar. 

51. Printometer-type Demand Meters arc mmU- for U-ti, 
alternating and direct-current «-rv»«, The ,.rinu««.-t..r 
(Fig. 23 and P, Fig. 24) is not of itself a hoi is inwrcly 



Wm* 24,—PlAgmiuttMlIo c#f opmltot tn*f M 

tter4fp« ilftiiifctpl mvtm, 

% rostering iif'te# umd In mmhimikm wMi * 

watt-hour meter (W, Fig. 24) ami a contact-making clock 
(£7, Fig. 24 and Fig. 20). These illuslratiom show the (taiwral 
Electric Company's Type F*2 instrument. Printometar 
records are printed on paper strip, a part of one of which » 
shown in Fig. 26. This record shows the total wmg$ con¬ 
sumption as registered by the watt-hour meter. H also shows 
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the time of day at which the various blocks of energy between 
any two successive printings were consumed. The maximum 
demand can be readily determined from the tape record (Fig. 
26) which also will indicate the hour 


and date upon which it occurred. 

Operating Principle. —As energy flows 
through the watt-hour meter W (Fig. 24) 
the meter contact is successively closed and 
opened and, whenever it is closed, current 
flows through the solenoid in P and its 
plunger forces the cyclometer type wheels 
ahead a notch. The mechanism is so ar¬ 
ranged that the type wheels are moved for¬ 
ward at a rate equal to the rate of flow of 
energy through the watt-hour meter. The 
upper-most figures on the type wheels give 
at any instant a reading in kilowatt-hours 
equivalent to that indicated by the watt- 
hour meter dial. 



Kw.hr. Consumed 



Fig. 25.—Contact-making clock or Fig. 26. — A twelve-hour 
contactor for printometer-type demand record from a “printometer” 
meter. demand meter (General Elec¬ 

tric Co,, Type P). Illustration 
is exactly half actual size. 


The contactor C (Fig. 24) on the clock makes contact at the prede¬ 
termined time intervals (for example, every 15 min. or every 30 min.) 
and each time that it does the kilowatt-hour consumption up to that 
instant Is recorded m the tape as shown in Fig. 26. Simultaneously the 
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fcime of day at that Instant is printed m the tape. Tfitut tin* n*n> r*| dmm n 
in Fig. 26 is obtained. The watt-hour-mH^r rmifai’f #hm%-a »l IF (tm 
24) can be attached to any watt-hour niftier. Wiirre the \n'mu*\u#iri m 
to be used in making tests at a mmdwtr of diftarwit himtipiii n pctriabfr 
outfit similar to that of Fig. 27 its convenient. 

52. An Integrating Graphic Demand Meter U ;i‘n»*r.il 

Electric Company’s Typo G-2) is shown in Figs, 2H and 2 * 1 , 
The chart or record produced by this dovirc is repr«du«*d in 
Pig. 30 and tho method of connecting it in Fig. 31. Tim 



demand-meter movement is oontrolied by a wuIMhm t meter 
with which it is electrically interconnected {Fig. sw)» Tlw 
contactor, which is mounted on the w*U-bour-»neter tmto'tr 
W, doses the control circuit at Intervals, the frequency of 
which is determined by the speed of rotation of Urn mtu 
hotmmeter disc, that is by the rate of energy cowiunptiou 
»the mtivtd mmmk 


OwBrnmoM^Mwifa time tbe ornttKefter timm the d»uK §im 

mdmmd mm*o (*. 













n,i\/ifi p if jtf'M i m* i \ b bv vj i h i\u 'tuns ;iii 



‘4t9*i*bk . ‘ « - . ■ ‘ * •* -ml Mk#tm * **mpm&*& 
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ture lever is attracted. This moves the ratchet wheel forward a notch. 
When the contactor opens, the coil is deenergized and the lever is pulled 
back by its spring—ready for another push. The stylus is moved upward 
a certain distance each time the contactor closes, the motion being trans¬ 
mitted to the stylus through the gear train shown. 

As energy is consumed in the metered circuit and the contactor opens 
and closes, the stylus is forced upward *'‘ step by step” across the chart 
until the end of the time interval for which the meter has been adjusted. 
At the end of each time interval, the cam (which is driven by the clock 
within the meter which also rotates the chart) has rotated to such a posi¬ 
tion that the first of the trip levers falls. This disengages the sliding 
pinion from the gear in which it normally meshes, which permits the set¬ 
back spring to pull the stylus mechanism to the zero position. 

As the rotation of the cam is continued, the second trip lever is per¬ 
mitted to drop which returns the sliding pinion*to its normal position and 



Fig. 31.—Method of connecting alternating-current graphic demand 
meter for 440-volt circuits. For 220 and 110-volt alternating-current loads 
and for direct-current loads, the transformer is omitted. 

again completes th© gear transmission system between the armature 
lever and the stylus. This having been, effected the demand-meter 
movement is in trim to again drive th© stylus over the chart during the 
next time interval. 

Since the clock within the demand meter rotates the chart at constant 
speed, the stylus will travel a different course over the chart during each 
time interval as shown in Pig. 30. In any time interval the distance 
(measured along the curved line which it draws) of the stylus from the 
zero circle of the chart is, at any instant, directly proportional to the 
number of kilowatt-hours energy registered by the controlling watt-hour 
meter during that interval. Hence, the ends of stylus-record lines indi¬ 
cate the demands for the different intervals. The end of the longest 
stylus-record line indicates the maximum demand. Thus, the maximum 
demand for the period comprehended by the graph of Fig. 30 is (at M) 
98 kw. 
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52a. The Westinghouse Recording-demand Watt-hour 
Meter is shown in Figs. 32 and 33. This instrument combines 



Fig. 32.—The Westinghouse Type 
RA demand watthour meter. 


Fig. 33.—The mechanism of the 
Westinghouse Type RA demand 
watthour meter. 


in one unit a watt-hour meter and a demand meter. It 
indicates,* on a four-dial counter, the total kilowatt-hours 


/Hours of Dety Stamped on Paper 


, -Record Mctofe 
' by Merer | 


i i 

OS *.0 o 

1 ^-Demand in Kh ® 


s Perforertforrs to Zngefge 
Pins kt Driving Drum 

Fig. 34. —Record of a 15-minut©- 
interval RA meter. 



Fig. 35.—Record of a 3O-minute- 
interval RA meter. 


energy consumption and records, on a strip or ribbon of paper 
(Figs. 34 and 35), the integrated kilowatts demand over suc¬ 
cessive predetermined lime intervals. 

* Westinghouse Electric & Manufacturing Company. 
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Pkincxpub of Operation. -Undrr load, the g**nr trdn of fhv a { | f!' 

hour meter advances the mtmfpm m the regular mm.m, A* fb»* 
time the gear train caum** the ink^vitryin^ l**n »*> ;»dvnm’«* !h»- 

record paper in propox t ion to tin* emtio regrmivd. A? tlm « n*l *4 a 
predetermined time interval a ntud mi the re.Hi *h»" | ?* Va?.*** Mi«* |» n 
gear from mesh with the gear train and n Iml.mnog ♦*% right mure* He* 
pen to zero, where it is again undod with the g* nr trein f# irjrH *<* 
advance during the next time interval. 

Just before the pen gear is relent I, the record paf^-r b tvhu?K*-<i 
in. by the operating spring «o that the }«’ii ?nnh«*^ ?i d)«tm*** nnd 
readily observed record of the maximum ftrii travel, Thi* re* u%<\ »h*mu 
both the amount of integrated demand and (by tlm nmo «vdd*fn*inu 
printed on the record pnjwr) fltr? time of its Tlir o;M*t 

may be geared for 15, 30 and ftO-tnin. tiinr intcrvalr*. 


63. Demand Factor* in a fho ratio of tin* itupdmtiMi d*ut$rmd 
of any system or part of a Hystoin, to tint total lour! 

of the system or that part of ffitt «j%tri4i Utah? roYivirlrraf ion.*’ 
It is expressed an a parwiitiigo. Thua, to obtain f \m 4t dmimni 
factor” of any itmtnllatbn, divide tin* immmmm dmimod 
(usually expressed in waits or in kilownf M , Unpnmnl by Ifio 
connected load, by Ifni comiwtutl load fmrr**pofidifi|dy ex* 
pressed in watts or in kilowatts), limn: 


tmrimmn demand 
mmtmdmi kmd, 

(8) Maximum dmuuul *' {thmund fmtw) / 

maximum nknmmt 
demand $mim % 


(7) 


( 0 ) 


Dmtmmi factor 


Cmmmted bad 


# W. He Expkaatioa of H Bmmn4 factor 1 * wilt niim I* run* 
Mdered; It in seldom that the kilowatt m 
mmimwnx power demand of a prou/t of ekrfriral cfevhwt i»r 
“recovers” is equal to the mm of the kilowatt or kilovolt 
ampre ratings or capacities of the reaeivam. There are two 
r^ons for this condition. Fmt apparaiti* it fro* 

quen% ejected of a ab* greaifif tfiati i* actually nwmmrg Im 
perform the duties Imposed m it. Hat {#, wwlWl 
or raeem cavity is provided. Hmmdt fa § ptt»f of ah?* 
triwl d§viof®i It does net often occur that att of tfte dbvice# will, 

* A* f * R, B. 9r aitI mm, 
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JUA/V/’V M ;!W# l’ U'TnU* 


i;i 

III tins Nil II** I HIM*, 1st* illijM^Iilg Him i 1114 \ IIIHI lit wllttil m:M*I§ 

can impimm un fIn? mtppW nrniit, 

.Vfffi; It fnlhmn fib*" i»*n **f rlwwitift farliir rwitwl lit*c#v#% 

llml 4^iritn4 imiutn itfr- in*ml uiu i$ Pm flinn It JO \»*t rml, 

liott'i»vt?r l*** atfroiiijifiiiyif*# Ifff'i |**r «*rM. tipfiHifpl ffirfiif* nt* H 

rnmnnUnml, Ainu, 4**tfpm4 f?i* h*tn miiv 1«% fin?! nr»% f^r**ft!**r 

tliilll llli J**f ri'iil, Wt*«*r»? .1 r»#ipii|i«f$ t^wln # ttottttt itf flip rwi4vilfft 

upimmlm nmnt* obvunifiJy, I#*’ f«vi?fl«i{i4r4. 

55. The Determination of a Demand Factor mu In* readily 
eflmled if tho two value*: t 1 * Thu Maximum llmmtul and CJ) 
The ('MitMscfcd Lmd, am known, liwiw, in finding the de¬ 
mand fadur of m existing installation, it* maximum (kwuut«l 

mind be meM«r()d"-iiitCfrt!iii»Bl l»y text.by following one of 

tho method# hereinlwdoro denerifmd, Then tim eonneeteil 
low! can las computed by adding together the nameplatea or 
manufacturer*' rating- of all of flu* r*Teivisr device# in the in* 
stallation, Tho value* thus obtained may then Ijenulwtitntnd 
in equation i\\ nttfi the problem wlvd. Horen of I he wtawiplp* 
under Art. M illustrata the proc®**. In designing new in* 
atallalionx where it is i<n'eH,i<xry to know tin* maximum de¬ 
mands, the designer must aieatme demand factor*, baaing bin 
aasumptiotui on value* which teat* have shown to obtain under 
Mmtlttf eontiitJon* in pimlico, The value* given in the fol» 
lowing table* may ft® used a* a ba*»« for twteft awtttmptioiw, 

66. In Determining Demand Factors of Direct-current Cir¬ 
cuits it **, where feiwibht, desirable to reckon the connected 
load and the maximum demand in watt* or in kilowatt*. 
However, where the maximum demand can lie more nonveni- 
ontly nacwrtMtnrtd in amjasmt, then the connected load I* 
taken m tire sum of the full-load current (in amperes) Input* of 
all of tho dflvir’we in thn group under eotutt deration. In »uel* 
ease* it in iwoimed that the voltage impmwed on thn multiple 
“constant-potential" circuit remain* constant. Where the 
maximum-demand value* have Irean olewrvial by fiwt with a 
direct-current, lino-teaUng ammeter, like that of Fig. if, the 
connected land hi moat conveniently taken in amfwrre. 

67. la Determiateg Demand Factors of Alt*mating-current 

Circuit! ?* i l 1 :• . ■■ it :■ ! :u:tv i ■>■ ni. i:, .t'hcv 
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kilowatts, kilovolt amjMMvs, or autpoov. <kjtf j»»hug upnj* thr 
methods and instrumfmte iim**I for w**;r »u nig ?!to 
demand. All of the niaxiiiiiiiii-fhiiiaipl iwb ; t oh mu the 
market, except those of fhe thermal u.*> *im j • 

mum demand in wtitte or in kilmvutte. Wb*!>- amm* u t t 
similar to those of Figs. FI m 11 ore d ? lb** luaxiinonr* 
demand value thereby obfuiiiwl is ohuotrn, \n wnf**!*- 
The thormal4ypo deumnd meters tinialiv r»* »d i?i n- 
Where the maximum cleimind h d in f A k 

multiplied by the impressed voltage t»i mb* mn f!^ Jjha‘»i!v* 
ampere equivalent. 

Note.—T he foiiiivHvd kind nitty be t****k*»tn l t fh* * I ii *,* 

kilovolt-amperen. It is tem'r»vf«r, iimiallv #irknie4 «ti tete* ^r^>*,r 
most receivingdwkeaare mini t« kilmwitta or m **r n t ,r* 
both of which may be directly ivdim d n# kite**,<!!*•', 

Hence, it follows that the dnmml lm\ut **f un a5o m 

circuit may be t&km tw either: (!) 'k *\ >wu, »!n« , ')• , ho , 

or (2) as (tan max. d* m.) * (kv.nm.lmd;, ft r.u, th* >,ite*«’t* 

ampere demand rather than the Uhm%n %\rtuuw\ ute* b d» n y^ wt * * *lw 
capacity of-“-hence, tlm iiiviMtfiieuf r«'?gsti**d U>t tk* * h > u^aX * < 1 * 141 - 
meat required to »rv«f a given loath II* i«v*% tte* - iva 

max, dem .) + (km, c ml fatal} Hpimttn U$ te* the item *<i t **. It ^ 

the one which must, directly or imhrert ly, h nm*4 *,%te*re 
demand detcrmmuti«m Ii utad** to prolific a I#?tn% ter f!>o ft«hv?i*t« 4 
equipment and plant In serve n fawL lfi>a,ivn r re f< red 

indicators indicate kilowatt* iiitttead of lfft#%*4t*»re§§rf«’ »jtetrerey rere 
schedules am, probably, mmt often hmA %m % *'(br, w*w, } » revr, 

dwi. foal)” demand factor. In mrh twa* tlie feature«■I«la* n fo* t ut 

of the load ii meiapked m mmm arbitrary way m thr ruf^ ^ imhAr U^h 
m compiled to apply, 

68. How# Demand Factors are Used k iliuetratod in the 
mtamplw which follow. Broadly, demarttl farUm «,«jy 
one general application, that w, to doUtrtnino th» rnpurtly ■■ 
henoe c<Mtr~of the appamtua which will \m r«|wir»l to serve 
a pven load. As above auggeeted, they are alw» uw»i ir» rran* 
puting rat® achedtrles but they' should Im factnua in tnidi 
computations only bemuse of tbmr influence on the required! 
investment. 

certain mideim has « Mmwtwl fowl M {<,!(«»•: 
four lamps, twenty 40-watt tamps, ma lli-watl Wjti* a 
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GJSJSfTRAL STATIONS 


[Art. 59 


demand meter it is observed that the 30-min. maximum demand is 838 
watte. What is the demand factor of this installation? Solution. — 
Connected load is: (4 X 60) + (20 X 40) + (6 X 10) = 240 + 800 + 60 
= 1,100 watts. Th&tx substituting in equation (7) Demand factor «* 
(maximum demand) -f- {connected bad) = 638 -s- 1,100 = 0.58. Hence, 
the demand factor of installation on the basis of a 30-min.-interval 

maximum demand is 58 j>er cent. 

Example,* -Tim connected lighting load in a large theatre is 3.6 kw. 
What will, probably, bo -fclie 30-min. maximum demand? Solution. — 
The probable demand factor for a large theatre lighting load is (Table 
61) 60 per cent. I fence, substituting in the equation (8): Maximum 
demand^ - (demand fa.ator') x (connected bad) - 0.60 X 3,600 = 2,160 
watte. Hence, the *W-mIxx. maximum demand would be, probably, about 
2.2 kw. 

Example, dn Fig, 30 is shown a group of motors representing a 
total connected load of 370 h.p. Assuming that for installations of this 
character the demand factor is known to be 55 per cent., what is the 
maximum demand? ISoi/ution.—I n equation (8): Maximum demand 
*® (demand fmtw) X {connected had) = 0.55 X 370 *= 203.5 h.p. 
Now, 203.5 X 0*7411 * 152 kw., which is the maximum demand. 

Example. It* Fig. 37 tdie total connected load, that is, the sum of the 
watts load font rilled in tx\l of the buildings, is 16.75 kw. The maximum 
demand indicated by the wattmeter P, that is, the greatest demand ever 
Indicated by this ifntniment is 6.7 kw. What is the demand factor for 

this bad? ifahvrv .-Substitute in (7): Demand factor =» (maximum 

demand) 4* (emmeeiml Zoccd) = 6.7 4-16.75 ® 0.40 = 40 per cent. 

Hence, the demand factor for this group of consumers is 40 per cent. 

&AMM.-In ft mirtnAxi town of 1,000 inhabitants in Missouri served 
by an ftltomatfoK^ttrroxrfc plant the connected load, motors, lamps and 
all receiving devices totals 55 kw. The 30-min. maximum demand is 
20,8 km What is ibo demand factor for the system? Solution. — 
Substitute in equation. (7): Demand factor « ([maximum demand ) -t» 
bad) •» 20.S -s~ 55 « 0.38. Hence, the 30-min, interval 
demand factor for this* installation is 38 per cent. 

50. The Tables of IDemand Factors which are given here¬ 
with are intended merely to serve as guides. While it is 
believed that they represent average conditions they must be 
used with Judgmcmti. The only certain way to determine 
demand factors for specified conditions is to ascertain them 
by test* It is m impracticable to arrange a table of demand 
factors which will never aU conditions as it would be to com¬ 
pile a schedule Indioatlng what kind of a hat a woman of a 
certain eomplexiott and nationality would probably buy under 
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given conditions. However, where test values are unknown 
the factors tabulated (Tables 61 to 65) should be of service 
in designing new installations and plants. 

60 . Demand Factors for Lighting Installations are reason¬ 
ably constant for each of the different classes of service. For 
example, the demand factor for saloons will usually be in the 
neighborhood of that indicated in Table 61; that is, about 70 
per cent. Furthermore, these lighting-installation demand 
factors would be about the same for a given installation from 
week to week. Lighting loads are not subject to the sudden 
pronounced variations that occur with power demands. 
Hence, the demand factor for a lighting load determined on 
a 30-min.-interval basis will be about the same as one 
determined for the same load on a 15-min.-interval basis. 

61 . Approximate Demand Factors for Miscellaneous Light¬ 
ing Service.—Factors are based on observed data from a 
number of sources on a 30-min.-interval maximum demand. 
The following factors apply to one consumer only. That is, 
to obtain the “30-min.” maximum demand of one consumer 
of any of the given classes, multiply his connected load in 
, watts by the corresponding demand factor. Factors de¬ 
termined on a 15-min.-interval basis would not, probably, 
differ materially from those given. 


Demand factors in per cent. 


Class of lighting service 


Sign, outline, display and window lighting. 

Theatres (small)...... 

Offices (business and professional).. 

Banks.... 

Saloons........... 


Restaurants.... 

Laundries..... 

Lodge and dance haUs..... 

Depots (railway stations).... 

Shops (barber shops and the like). 


Probable 

Probable fair 

range 

average value 

90-100 

100 

70-90 

75 

55-90 

70 

55-85 

70 

60-90 

70 

50-80 

70 

60-75 

70 

65-90 

70 

75-95 

70 

55-80 

70 
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VENTRAL ETA VIOSX 


■Am. «i2 


J».(.>.>. ,k }-« .-.i 


Class of lighting «*rvir# 


I*/. 1 *>,V - 


tnug* 

#■„ <- J \ ,^r> \ 

Stores..... * ■ * 

m 

*>., 

Pool and billiard rooms.... 

to 70 

li'l 

Printers and engraven? shops...... 

;iti 7h 

Ml 

Theatres (large)................... 

MS 73 

Ml 

Churches and auditoriums. . . . . .... 

*V» 


Factories.... 

\U *<M 

uu 

Livery stables.. — ......... .... 

m m 

Sfi 

Schools used at night..... . - : 

:%% uu 

01 

Machine shops..................... . 

m 

43 

Hospitals...... 

i*Ti m 

43 

Warehouse®....... ... . 

m %h 

Ml 

County, federal and municipal Imilditiga.. 

mi m 

; :i3 

Universities and collages............ . 

*M mi 



62. Approximate Demand Factors for Small Lighting Con¬ 
sumers.— The following factors are those said to bo uw*d in 
Chicago for computing rates for small lighting eutiUimor*. 
They may be taken as fairly representing average wnnll- 
lighting-customer conditions. It ia understood that thwo 
factors are based on a largo number of observation* matte with 
Wright demand metora. They are, therefore, approximately, 
on the basis of a 16-min.-interval maximum demand. How¬ 
ever, it is likely that, for this chutx of service flighting wnrviw 1, 
the demand factors would not l» materially different from 
those tabulated if they were based on a Jttbmin.-mtervtd 
maximum demand- 
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83. D«mand Pitton for Motor IrwtalUtton* »m *«i*j*«**t to 
®m»»«kri»Mt variation i«tnr#% in all important 
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CENTUM. snrto\S 


studies, be determined by tr-f. To be <>f mat. 
such test should extend over iin extended j.t-uod l. 
perienco has shown that the demand of motor loa 
very much greater on certain days or monte; than. 

64. Approximate Demand Factors for Alternati 
Motor Installations.— -Factors are bared on obs< 
from a number of sources on n .’tlt-mim-inter \;d ina 
mand. In this table it is assumed that o-.|'iati« 
mand factor = (maximum th-mtind in km,, I U'on 
in kw.). Because of the large hurting currents 
alternating-current motors the demand fm-tu.'* in 
liable to be rather high. 


1 1 

j Smuhtf I 

. , * Jr*f , 

V\»m „i 

i 

I \ 

3 1 

I 

* K 1 

1 *•' tm ‘ 

%¥>n 

f ^f»ar 

P 

i 

witgo 

Smgl«-pha» and %\* , 

Um$ting~Gumn% motori. 1 - III j 

General f&eteiy mi other terv t«t! 111 2© } 

juftcf ov«?r : 

in 

I fSf! 

** 111 

ft"* 04 

Small m&Um* ,, -, J 1 


j Ml -1 1 

f i %jg \ 

dm&Ur j I ; 

and etaoe motion* i 1 

11 #?«? 1 * 


, mt: 

- whm 

1 im-n 


wjmm 


66. Approximate Demand Factor* for Direct-cur: 
Installations.— Factors are lta***! on o}*#rvnd da 
number of source on a abort-time interval maxfmur 
In this table (equation 7); iktm-nd fatter » 
demand in kw,) -f (emneeted tend in kw,), 
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Demand factors in per cent. 


Number of 

Total motor 



Class of service 

motors in 
installation 

horse-power 
of installation 

Probable 

Probable fair 




range 

average value 


1 

1-5 

75-95 

85 


1 

6-10 

65-85 

75 


1 

11-20 

55-75 

65 


1 

over 20 

50-70 

60 


2 

i- 5 

70-90 

80 


2 

6-10 

65-85 

75 

Direct-current 

2 

11-20 

60-80 

70 

motors, 

general factory 

2 

over 20 

45-65 

55 





and other 

3-5 

1- 5 

60-80 

70 

service 

| 3-5 

6-10 

55-75 

65 


| 3-5 

11-20 

50-70 

60 


3-5 

over 20 

40-60 

50 


6 and over 

1- 5 

55-75 

65 


6 and over 

6-10 

50-70 

| 60 


6 and over 

11-20 

45-65 

55 

i 

6 and over 

over 20 

25-55 

45 

Machine shop 
individual drive 

10 and over 

over 20 

35-60 

40 

Elevator and 
crane motors 

f x ~ 2 

j 3-5 
[ over 5 


90-110 

60-80 

50-70 

100 

70 

60 




66. The Importance of Maximum Demand and Demand 
Factor in Determining Suitable Transformer Capacities is a 
thing that is not ordinarily given the consideration which it 
deserves. The usual tendency when installing transformers 
serving individual loads—and those for serving group loads 
for that matter—is to select transformers of capacities con¬ 
siderably larger than is actually necessary. Hence, where a 
transformer is to be installed some sort of a study should 
always be made to ascertain the facts and determine the con¬ 
sumers actual maximum demand. It will be found that in 
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tho long run such a course will he justified by the wiving in 

fixed charges and operating expenses which will result. 

Note. —Where transform ere arc* larger than actually *r>, the 

interest charge is greater than it should he and flaw an* uhn nnp*-rlhiu)m 
charges due to excessive electrical losses which, in the iiggrcgut*-, may !»** 
considerable. Where a group of consumers is in he served by a tr *v*. 
former it is desirable to base the capacity of the transformer to !♦** in 
stalled on the diversity factor (Art. 70) of the mmuimta m % cl! m un 
their demand factors. 










SECTION 4 


DIVERSITY AND DIVERSITY FACTORS 

67. Diversity, as defined in the dictionary, “is the state of 
being dissimilar to one another.” There is a “diversity” 
or difference among: (1) the characteristics of the different loads 
of the same general class; and (2) the various general classes of 
loads which a central station system may be called upon to 



Fig. 39.—Graph, showing diversity between power and lighting loads. 


serve. And, as will be shown later, it is, from an economic 
aspect, extremely fortunate that such is the case. In central- 
station parlance, the term “diversity” is used to signify 
diversity of demand —to imply that the maximum demands of 
the various consumers of the different classes and of the differ¬ 
ent circuit elements in an energy-distribution system are not 
coincident. That is, their different maximum demands occur 
at different times, and not simultaneously. 







Sum of IrtdWidiM! Maximum Demands * £ 6,640 Kvss y 


54 


CENTHAL STATIOSS 


I- 



\\t%t, *»7 

Full IixrHTftATI,- If iff «»!*• 
violin that Iht* 

IiiipI will mff niii it-.* firinifiiiiifi in 

flu.; avniittg, *v hr mm n jfifilni** 
fsclfiriiig mill nr- 

riismrily thi* gfrafrui 

$nm«?r during fh« daylight 

Again, r«jfiiiiirr*"iJil wijiMwlt® 

of certain t> |w, fur #»*» 

amjflii *li»piirliiipnt #tt«tfn?y gri* 
orally m** fiiiirli mnt^ jw*wr* 
during tin? day ifmi* in tl*«' rinnn 
ing, wlii!** ififim nf uiliitt «.rri.«» 
*iidi tin drug nl«f r#, in nr#! 

in lliii i*v«iffiig, #1 «iiu1m ciiImIi* 
tiiin Ii«i!iIn fur flip tliflrfpiti aortu 
of niitiifi f nr tur if i §i r#!#il4i«li it i trti t*, 
Ifniirt*, flu M* ia » mjf 

immaml fiinoiig llnw! «Iilfpfriil 
elfunmn of cr4ilr« t |*«inii!iii litfwll 
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ntfto llrtt p»|i|i 

which td tjbtjitfMgt hy adding to- 

gntlinr llitwf for the (lower §Ji*f 
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lllilfifl lliill flirt |rti4rf -Infill f**gh 

and lli*i lightiftgdaed fgaifc il» 
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fa other word#, the 

dmmmA nf the l»«4 m * 

rtire mf H iliitfiinl %m+ Umm 

that nf the lighting h**«l lint#* 
Ii & 11#-if 

imnhmm demand*. 

It Mow* that the maxi- 
mutn tiwnami mi a iratut* 
former w Jew* titan the wuw 
of tiie maximum (toman* U 
of the «oot>utH«srt *errv*wi 
from Uiat tranafonuer. 
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Also, the maximum demand imposed on a feeder is less than 
the sum of the maximum demands of the transformers fed 
from the feeder and the maximum demand on the generating 
station is less than the sum of the maximum demands of the 
feeders supplied from the station. 

68. A Graphic Illustration of Diversity of Demand is 
given in Fig. 40 which was constructed from data obtained 
from a study of diversity. * For the purpose of this study 82 
consumers were classed into 11 groups. The maximum de¬ 
mand of each of the 11 groups occurring during a certain year, 
was ascertained with maximum demand meters. The total 
area of each of the rectangles, 1 to 11, in the diagram, is pro¬ 
portional to the maximum demand of the corresponding group 
of consumers. Then the combined—or simultaneous—maxi¬ 
mum demand during the same year for all of the 82 consumers 
was found. The combined maximum demand for all of 
the 82 consumers was 9,770 kw. and it occurred about 5:00 p.m. 
in December. At the same hour at which this 9,770 kw. was 
imposed on the central station, the maximum demands of the 
different groups were proportional to the shaded areas in the 
small rectanges. It will be noted that consumers of certain 
classes—such as the brick yards, quarries, ice manufacturers 
and cement works—imposed practically no demand on the 
system at the time (5:00 p.m. in December) when the aggre¬ 
gate demand of all of the 82 consumers was a maximum— 
9,770 kw. 

69. The Importance of the Concept of Diversity of Demand 
can be appreciated if one considers the increase in generating 
and distributing—plant capacity that would be necessary if the 
maximum demands of all consumers occurred simultaneously. 
This matter of diversity is, therefore, of great economic signi¬ 
ficance. It is also of concern to the engineer—because a de¬ 
signer should consider it in planning his generating and sub¬ 
stations and his distribution plant. Diversity is an element in 
the determination of rates for electric service. If it were not 
for the fact that the combined maximum demand imposed on 

* Discussed by Samuel Inaull in a paper Ct CmrsAMZATSox ot Eamaar Stmi” 
delivered before the nuance Forum of the New York Y. M. C. A., on April 20,1014. 
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an average central station is usually omisidiTahh* h**-* tlian half 
of the sum of the maximum demands of ail <*f U.«' mijMuwiV 
the Investment involved to provide ehwtre* Nmirt* w«*nl*i Is* 
very much greater than flint which is now infitttoil If it 
wore necessary to thus inm‘am fie* in\ umn*, ib* ’ - *•'< 
service would have to he increased according!). 

70. The Diversity Factor of a System may m* darned* ,v* 
“the ratio of the mm of fin* maximum fmwm demand' «*f the 
sub-division of any system or parm of a % 1 m :h* twtxw 
mum demand of the whole mmin or of pmi of tb»* yi 4mii 
under consideration meaHured id !he point of supply, In 
other words, a diversity factor is llit* mlio of fho si«n of the 
individual maximum demands of a number of hveb dminy a 
specified period to the simultaneous maximum d«*mund of all 
these same loads during the saute period, fi sh < f the hads 
in a group impose their maximum demand » at dw :-;*mc him* 
then the diversity factor of that group will he om < I 

ExAMPnK.-—Consider two conmaiic rn rack of hita a 

demand for 100 lew. The ^*m of their iiplivchcU »!* 

would then fie 200 kw., but if a mmnnmu m ft.** » >** aC 

supplying these two eoimumerH ituiieafed only loOh^. 4 ww.w if * V 
individual demands of the two comurtim did no! ft*' 'mv,* 1 

—•the diversity factor between these two eunwfF'r** w*cd*l U»*« W 
200 to. + 150 to, « IXh 

It follows then that: 


/</v , ,,,, . #urn of individual max, tlt&mnd* 

(10) Dwmtly factor ^ , # ■ f # ' ■ • ■ 

9 maximum aemiiaa «§ tiilifif group 

(11) Sum of ini. tm%* dm* * (iimtrwHg fmktr) X 

{mot* ifM, of riiliVr group l, 

(12) Mac dm. of entire group « 

Nor*.*—A diversity factor Is sometimes given e« the f«©ip«*l of tlit 

value obtained from the above iiffifitbfjs* Hint in, m nm*k ii in 

taken that: Divmity fmk»r » (#mr, firm e/ ##iir# f#i#» ^ 

fod. demand#). The factor tint* obtained •III, in every pm®, to 

unity (one) or loss. Such i$ factor to, usually, mom mwmbM §# mpfiiit #- 
tion than to one derived by using equation (16). Wrnmm^ mpmkm 

*A, L 1* 1, WtiM&kmwmun Mmm 9 %m» SO, 


mm of iwl mo/, #!W# 
dm nig /urfor 
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(10) is in accord with the A. I. E. E. Standardization Rule, Sec. 60, 
hence, is utilized herein. 

Example. —In Fig. 41, the sum of the individual maximum demands 
of the six component loads, as observed from the maximum-demand 
meters, MiM h etc., is: 612 +■ 420 + 516 + 310 + 118 + 625 « 2,601 
watts = 2.601 hw. The maximum demand of the whole group as in¬ 
dicated on the maximum-demand indicator Mr, is only 0.86 lew. because 
the maximum demands of the consumers did not all occur at the same 
time. Then: 


_ „ sum of ind. max. dem. 2.601 

Diversity factor « — -— - 

max. dem. of entire group 0.86 


3.02. 


Therefore, the diversity factor between the six consumers of Fig. 41 and 
the supply main AB is 3.02. 



Sum of Maximum Demands m 6/2 +42t>+5}6+3/0 tj18+625 m 260! Watte m 2/SOf Kw 


Diversity Factor 


Sum of Indivfdual Maximum Demands of Components 2.6 Ot 
Maximum Demand of Whole Group 0.86 


Fig. 41. —Illustrating the meaning and computation of diversity factor. 


Example. —The maximum demand of the power load A (Fig. 39), 
during the typical 24-hr. period shown, is 290 kw. The maximum 
demand of the lighting load B, is about the same, or 270 kw. But the 
maximum demand of the combined loads is, as shown at C, about 420 
kw. What is the diversity factor for these loads? Solution. —Sub¬ 
stitute in equation (10): dip. fac. (sum of ind. max . dem.) (max. 
dem. of entire group) «= (290 + 270) -r* 420 = 560 420 «* 1.33. Hence, 

the diversity factor in this case is 1.33. 

Illustrative Example. —In Fig. 42 is diagrammed an imaginary 
case where four consumers 1, 2, 3, and 4 axe supplied with electric 
service from the primary main AB through four transformers. The load 
graph for each of these four consumers is shown in Fig. 43, from which it 
is evident that their maximum demands axe respectively 375, 425, 450 
and 400 kw.,* the maximum-demand indicators Mi t Mt f M% and M 4 would 
respectively indicate these Individual maximum demands. 
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From Fig. 44, in which are graphically added the graphs of 1 , 2 , 3 
and 4, it is evident that, because of the diversity between the individual 
demands, the maximum demand of the entire group is only 650 kw. 
If a maximum-demand indicator, M B (Fig. 42), were inserted in the pri¬ 
mary main it would, for the period under consideration, read 650 kw. 
It follows then that the diversity factor between these four consumers 
would from equation ( 10 ) be: 

_ „ sum of ind. max. dem. 375 4- 425 4- 450 4* 400 

Div. fac. = ——~— 77 —-= ---—r~-— = 2.54. 

max. dem. of entire group 650 

Note that while the transformers to serve the four loads shown 
would have to be about of the capacities indicated in Fig. 42 to prevent 
overloading, the group of consumers would impose a maximum demand 
of only 650 kw. of the source of energy. 



Fig. 44.—Graph of combined loads 1, 2, 3 and 4. 


71. To Determine Diversify Factors it is necessary to take 
readings of the maximum demands on the different components 
of the systems under consideration. For most accurate re¬ 
sults it is necessary to use maximum-demand indicators, 
which usually means that the service conductors of each con¬ 
sumer involved in the study must be equipped with a maxi- 
mum-demand meter. Frequently maximum-demand meters 
are used on the consumers services in studies of this sort. 
Then, to obtain the equivalent watts demand, the maximum 
ampere demand imposed is multiplied by the normal voltage 
of the circuit, it being assumed that this voltage remains 
constant. BL B. Gear of the Chicago Edison Company has 
mad© important studies of diversity, some of which are out¬ 
lined in detail in his book Electric Central Station 
Systems. Most of the demand-factor values recited herein 
are based on his observations. 




72. There May be Several Different Diversity Factors 
Applying to the Components of a Generation and Distribution 
System as illustrated in Fig. 1"> and i» Table 71. Thun, then- 
may be a factor indicating: 

1. The diversity among the demands of the different 
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2. The diversity among the demands! of the traiufformont in 
a group. 

3. The diversity among the demand* import d by th* 
different feeders on a eub-etation. 

4. The diversity aiming the demands impfiwd by tl»* 
different sub-station* on the generating station wlueh servo* 
them. 

5. The diversity among the demands of the different dame* 
of consumers—as diagrammed in Mg. 40. 














Sec. 4] DIVERSITY AND DIVERSITY FACTORS 


61 


73. Diversity-factor Values Are in a Measure Determined 
by Local Conditions.—The characteristics and habits of the 
people in a community will affect the values of the diversity 
factors applying to it. For a rural city the diversity factors 
will be somewhat different from those for a metropolis. The 
factors for a Southern town will be somewhat different from 
those for one in the North. Where the power load prepon¬ 
derates over the lighting, the overall diversity factor will bo 
different from that where the opposite condition holds. Fur¬ 
thermore, the values of the diversity factors between certain 
of the components of a system may be determined in a meas¬ 
ure by the layout of the system itself, as explained in a follow¬ 
ing paragraph under residence-lighting transformers. Hence, 
it is obvious that it is practically impossible to predict with 
accuracy the diversity factor that will apply for a given set 
of conditions unless one is already familiar with the diversity 
factor which has been ascertained by observation and test for 
like conditions. However, the factors which are suggested 
below and given in Table 75 are, probably, fairly typical. 
They may ordinarily be used without great error in estimating 
situations similar to those to which they apply specifically. 

74. The Diversity of Demand Between Residence-light¬ 

ing Consumers is usually, where a dozen or so consumers are 
involved, represented by a factor of about 3.4. In one block 
in Chicago, which was supplied by a single transformer and 
in which there were 34 consumers it was found* that the sum 
of the consumer's maximum demands was 12 kw., while the 
maximum demand of the group was 3.6 kw. This gave a 
diversity factor of: 12 -4- 3.6 = 3.33. In another block, where 
there were 185 consumers, the total of the individual con¬ 
sumers' maximum demands was 68 kw. The maximum de¬ 
mand imposed on the transformer serving the block was 20 
kw. Hence, the diversity among these consumers was: 
68 20 = 3.40. The factor indicating the diversity be¬ 

tween the demands of residence consumers is quite large be¬ 
cause a residence may be drawing a considerable load one 
evening and none at all the next. Furthermore, if one 

*H. B. 0e*r. 
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residence in a group, possibly beeatiNfi of some social fui 
is imposing a relatively large demand, other rf *«icI< 3 Ilces 
same group, may, because of the same omiaior*, -fcaki: 

little power. For these reasons the diversify f JXetor , 
residences is much greater than that among general 
consumers. See also the values given in fig. 4J> and Ta 
76. Diversity Factors for a Central-station I>istri 
System. —These data* are, based on oli*rvati<>ns m; 
Chicago. (The reference letters A, IS, et., i n 
column refer to Fig. 4i».) 
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76. The Diversity Among the Demands of Comm 
Lighting Consumers is not, exj#*rk>nr« shows, sr*oo.rly sc 
nounced as witli rotudcuire*. The reason for this# is that 
meroial lighting—In the factorfm and idoru*-—Is ordi 
used about the same hours in the day anti about the same 
in the week by one butenes# rwnmti m by another, 
result is that the diversity factor lielwottn a number of 
consumers is usually relatively tow, powoUy in fclae »eig 

B. Qmm to to* §^mmm UMomtm* 
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among lh« iraiMfortnoni will probably bn greater than 1,30. 
The reason for flue j« that if » Inrge number of gtnitll trim#* 
former* am inKfidled, the mm of tho individual maximum 
demand* imposed by s% large numbor of nmall frnnnformerH 
will be greater than tb** mini of the individual demand* im¬ 
posed by a few largo tnuutformnni nerving f bo >mnm lo/td, th« 
nombinvd maximum demand of the group being the name in 
each owe. The following example illustrate* fhw prineiple, 

Kkxmpmi. 'i’mmlrt tM ioiftgitmry itomlitimi u> P‘m> 

where there um 3 W etmmtitmt, «*eh having a tiiaoweon ibniHtei of I 
kw, am tedkuted by the ntaximtim dentend iw*t«rn Mt* Aemort# that 
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the load, as at /, the diversity factor between irmmlitrsimn m: 20 to. 
4* 6 kw. = 3.33, 

Assume that these 20 customers are to be served by only tout itnn<i~ 

formers each feeding it) consumers an at II. Ainu n»mmn fluif f !<** 
same diversity factor, 3.33, would obtain hetwmi rommumis. Tt#?i f to 
maximum demand imposed by transformer# U and It would *mrb to: 
10 kw. -r 3.33 « 3 kw. The sum of their maximum demnmh m«*uH 
be: 3 4- 3 « 6 kw. Hence, the diversity factor tolwmi tto T »® tmo 
transformers would be: 6 to. 4* 6 kw. • I,00. Ttor*® rondbiotA 
obviously, imaginary but the example imiieaf i # h Imw divr-mfy in <b-to» 
mined to some extent by the arrangement ami nipiudtivM of fLr- 
ponent equipment. 

Note that in the example just given, fto economy in traivton tu 
capacity resulting from the grouping of a rHatiwly krir numtor nf 
consumers on one transformer. In Ctoe / twenty l«kw, 
are required while in Case II, two 34tw\ traiwforfiwr# will handle thr 
load. 


Tho average divemity factor among rwicirftiwi-liglillng tmtij*- 
formers in a number of Minnesota mUm m lMl* Thm 
rather high value is attributed to the fact tluit probably m 
unnecessary large rmmtor of small traiwfomumt worn iuiiiI, 

Note.—I f the sum of the individual maximum dmmrnh nt u group 

of transformers bo divided by the diversity factor among Umtdmmw®, 
for the condition undftr eonjuderatiofi, lit# rcutalling valuii will Im Hi® 
maximum demand which the group imiumm mt the feeder wr lint wviiii 

it. Th© ©ample* which follow illuitfit# this pmptmihft. 

78. To Defensible the Maximum Demand That Will be 
Imposed on Any Transformer, Feeder or Station, when this 
connected load, demand and diversity factors are known: 
Multiply the connected had by the demand factor and divide 
the product by the diversity factor. That is: 

(13) Max. dem. of entire group m 

diversity factor 

The following actual example recited by P, J, Kifeejtf il¬ 
lustrates a practical utilisation ot this role, and indicatee the 

economics which may be effected through its application, 

rM,wr*uw» Exammjs.—T he utility oper«|«| in « u,«n *.f mi 
Inhabitants. Energy was purctuumi at 19,300 volt# tut »J eta. pm 
•W.T.Rym, 
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But since there is n div tfiv.ily bWo< *11 f br *J-* 1 '* *nd^ *'* ,<fJr ^or*c 
residence-lighting loads, the ri4ji\iiimm dtmmnd in*j»’r *u 1 v t\«^ ( 

loads on the transformer wliirli reive-: them \umbl W 


HUM of iml drwi. tl HI i 2 WJ 

Max. dm. of nitirr , !ivrnii}J f arl ,„ M * as= ' 

2 1*1 

Hence, the estimated maximum demand impos'd nn < Nr*. j 

would be 3.10 kva. (column II) and nhimntW » v*Ua '<hH< /° V) 
transformer would 1m of ample cuparif y to h;*n»IV ?hh heel, 1 hr *<f I* 0r 
“Simultaneous Maximum JJnmmidn” gh»u* in r^kfMi 111 t-f 1 ’d*lt* 
were computed by a proms similar fn thip uhm* ea* h?'- h 
To obtain the maximum demand on fh»* mh^^b n 

former, the sum of the individual maximum *.f nd *»f the r!l Sw 

tributing transformers f column //, of Tab!** t h t*WiM b** b dd^d hv t.Ho 
diversity factor between flicw traiiiifornirf# mid ?f^ Tat>l e 

B) thus: 


Tahl® &~-~Dkiiani> a no litVMtMrv tAm***M» 

The diversity factors indmated below ere probably somewhat l&rggor 
than those ordinarily employed undue similar mwiitmm* llowovanr, 
their use It probably justified in this kmluur» m hfaXkmmxx 

sdvli®® that the average winter month «o mmmpimm p? ameutnef in tttis 
town was only 1*13 kw.«hr. 
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mi fli#* primary main at IF! If will hi* .vmihm'O f!#f thn *'i»rj .ihmt * <1**- 
itinnd factor m 0.f*0 # that, th** »li\v Lifter nnmttu* entnuuifti m 
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Note.—T o Utilize the Pkinciplk or Divtfimrrv **r 
Between Lighting Conhumkkb Most Km>rrivLi*v, Unit i», f« niwr 

a maximum diversity factor, there should lumttlly a nummmti «f from 
8 to 12 consumers served from each distributing irnmlumm, 

78A. The Diversity of the Demands Among Feeders up- 

pears to range in the neighborhood of about 1.1*1 in n mudU 
designed system. In other words, the maximum drmumh 
on feeders usually occur almost simultaneously. 

Example.—I f a generating station serves fun f*<«f mL4i 
imposes a maximum demand of 050 kw. and flu? uilmr t% fimtumm 4* < 
mand of 485 kw., what will bit flic maximum dfinruid %lmh fhr 
will impose on the station, it being »*mrn<’d that flir diviTdfy I.kW to? 
those feeders is 1.15. Bolution.— 


Max . dam. of entire group 


tmm of ind. mm. drm. 
diversity /tutor 

mt) 4 4 m 

m #** 

1.15 


f$m km. 


Therefore, the maximum demand which tlafwfi two f«M«*fi§ m-finlil 
impose on the station would he 088 kw. 


79. There Is a Diversity Among the Demands of Different 
Sub-stations whore such form a part of a distribution system. 
The value of tho factor representing this diversity will ob* 
viously be determined by the eharaeteriatios of lltti territory 
served by the Bub-slatton* If one substation mr^m ft 
dance district and another is factory district tho diversity 
factor is liable to be large. On the other haitd, the diversity 
factor between the demands of twosub«Htafkoi^ liotfi mr% ing 
manufacturing communitiee-'-or any two eommunitMi of 
similar chariuitomtice~ie liable to lie small, that is, in the 
neighborhood of 1.00. 

80* The Total Diversity Factor for a System m in lit#* 
product of the diversity factor* of all of the eomiwneiifs of the 

system* 


mxmnM^mrni k the total diversify factor far it* 
lighting kmA of a system where the mmipommi ikvieMity foster# «jn* 
(mm Table 74 ) ssfetlews: Among mmnnm ^ $ M \ among 
IMi mmgtm & mm , 1,11; among substation* 14 If Tim 

product of these factors k &M X SffO X LIS X ill ** hM* Thai i* 
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5.53 is the total diversity factor (note this value in the second column of 
Table 75) by which the sum of the individual maximum demands of light¬ 
ing consumers should be multiplied to obtain the maximum demand that 
would probably be imposed by them on the generating equipment. 
The total diversity factor in the Chicago system for the lighting and 
power load, but not including electric railways, is 3.2 during the winter 
months.* 

81. To Determine the Kilowatt Station Capacity Required 
per 100 Kw. Connected Loads.— Divide the consumer’s demand 
factor expressed as a percentage by the total diversity factor . 

Example. —If the total diversity factor for a residence-lighting load 
is 5.53 (see above paragraph) and the demand factor is 75 per cent., 
what kilowatt station capacity will be required per 100 kw. of lighting 
load? Solution. —75 -*• 5.53 = 13.6. Hence, about 13.6-kw. station 
capacity would be required, under these conditions, per 100 kw. con¬ 
nected residence-lighting load. 

Note. —By the above outlined process it can be shown that, for com¬ 
mercial-lighting loads, about 37-kw. station capacity is necessary per 
100 kw. connected and for general power loads about 40 kw. per 100 kw. 
connected. In Minneapolisf (population 325,000) the ratio of the maxi¬ 
mum demand imposed on the station to the total connected load is 
approximately 1 to 3, that is, 33-kw. station capacity per 100 kw. con¬ 
nected load. t 

82. One Hundred Per Cent. Minus the Reciprocal of the 
Diversity Factor in Per Cent. Gives the Percentage of Appara¬ 
tus Which May Be Eliminated by Grouping Consumers for 
Elements of a System Onjto One Supply Source.—The follow¬ 
ing examples amplify this statement: 

Example. —Consider three individual loads having maximum demands 
of 100, 300, 200 and 600 kw. respectively. If each of these loads was to 
be served by a separate transformer or station the aggregate apparatus 
capacity required would be: 100 + 300 + 200 + 600 « 1,200 kw. 
However, assume that the diversity factor between these loads is 3.00. 
Then the maximum demand of the group would be only: 1,200 -*• 3.0 =» 
400 km. and 400 kw. of equipment would serve the combined loads. The 
saving in required apparatus would then be: 1,200 — 400 ■» 800 kw. 
That is, the saving would be: 800 1,200 ** 66.7 per cent. Now also 

the reciprocal of the diversity factor in this case is: 1 -s- 3 *=* 0.333 -* 
33.3 per cent. And 100 per cent. — 33.3 per cent. ■* 66.7 per cent. f which 
verifies the proposition heading this paragraph. 

* H. B, Gear. 

t W . T. Ryan. 
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\ ?, r v; 

Example.—T im yearly diversify* fit* * 4 [ r ' ' ' 1 

lighfcing-and-powcr and cdeet lie-street-nnd *'!»•>. r*. J' * * » * ' 

Chicago for 1911 and 1912 promts, by ‘ * ‘ f " j‘ * ! 1 

ratus, a saving in apparatus of h,I per rent. 1 * ! ' •' ’ 4 f 1 

diversity factor would bo 100 /wr O'nl, ~ HJ /** t t < ?»?, ‘o '* t '■ " * 

that is 0 . 919 . The diversity factor would ftmii be 1 ‘ oop* ‘ 

83. The Importance of Diversity as a factor in Plant 
Design can readily bo appreciated from u * u * h ! ^ ' ,J 

the preceding information. A di tri hut ioy, «•« >» v 

plant must bo designed largely on Hut iu i m H > i, * mo an 

demand that will be imposed on it. f { b# u n»?». u s f s t ,f * * 

of a new installation is familiar with ftm *h t ♦ ' j i! hi ' 
that are liable to obtain for the eumlbion \h b i v, I ,< h * 
system will operate he can ii%nlily dr 4 hi Aim * * m p p" u» l 
capacities for the members of the by hm by ajn J, * % * v b* 

demand and diversity \aloes. A.* boo ,i<1 * ;o;< • -p* * o , 
diversity of demand is of irnpojfanm* in * mi * ou. m »u 
rates for centrabstafion service, Jf i a f i* I f **/ m m c-,- 
cases the capacity of a g<aerating station, I * no, He m«* # 
merit, is largely determined by fin* peak IhtMit-p m, 1 «n *h« 
evening. The station apparatus nni* 1 be *«» 

handle this lighting load Howeu v f dun* g d <> ,* # 4- 
siderable portion of the stnfiori <*quiprn« ni n^pno I n, * m «* 
this lighting loud is utilised for Mippl) hu? flu p**v»*t bi.ol, 
Obviously* if the maximum demand^ of tie pov <>« ? byhfn g 

loads were coincident the station cap mby and im < 
would have to be much greater titan in now urimbly is e* •* *u 

Nom-^onsidwrixig the situation in ifutt I*# 1 b M^riy t 1 ? 1 

plied for power during the day time m ii tpe *mp4v ** . 1 * 

product and esau, therefore, \m mM ‘it n t iv »i, 

can ea^gy for lighting mwire. 


• Bmmmi Intitll In iht ttmimmmit. 













SECTION 5 


LOAD FACTOR* PLANT FACTOR AND CONNECTED- 
LOAD FACTOR 


84. The Load Factor of a Machine, Plant or System is'- 
“the ratio of the average 'power to the maximum power during 
a certain period of time . The average power is taken over a 
certain period of time such as a day, a month or a year and 
the maximum power is taken as the average over a short 
interval of the maximum load within that period. In each 
case, the interval of maximum load and the period over which 
the average power is taken should be definitely specified, 
such as ‘half-hour monthly’ load factor. The proper interval 
and period are usually dependent upon local conditions and 
upon the purpose for which the load factor is to be used/’ 

85. Load Factors Are Expressed as Percentages.—The 
“average power” may be either that generated or consumed, 
depending on whether the equipment under consideration is, 
respectively (1) generating or delivering, or (2) receiving or 
consuming equipment The “maximum power averaged over 
a short interval” is the maximum demand. 


Note .—The term “half-hour monthly load factor” used in Art. 84 
means that the maximum demand is based on a half-hour time interval 
and the power load is averaged over a month. 

86. The Formulas for Load Factor may (if the term “maxi¬ 
mum demand ,” which is really implied, be substituted for 
“maximum power” in the definition in Art. 84) be written 
thus: 


T jt j? * average power 

(14) Load factor = ————-—j 

K maximum demand 

(15) Average pmxer = (i load factor) X {maximum demand) 

(16) Maximum demand = 

v ' load factor. 

* A. L EL R, Standardissation Rules, revised June 28, 1916, Seo. 56. 
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Example.—-I n tho mitral uiathm serving a rert uu vAy *»f .j*. 

habitants tho peak loud or llO-iiiin.-iufiTvai maximum *b m,*nd i*>t flu* 
year 1015 was 580 kw, und tho average power 232 . \\ hu* a,** flu* 

30-min., annual loud fnHor for that yuir 7 *. Sik.tan 

the above formula (II) brnd Jittfur 1 (m*ra^ /»**•# r' i 
demand) « 232 580 . 0.10 411 /*r rent. Hrnr*- t t},»* ;;n o „**, * S | 4 

nual load factor for thin station wnn 40 jht rent. f*<*- *h* ;, *-',r jot5 I ^ 

48 and 49 show other examph 
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# 10 . 40. bond graph for »» average !w*f*fv4o§ir Wr mvtUog *l*y W 4 

firfof k #11 p*r eri#l. 


87 . The Reel Significance of « Load Factor »« ffik: It sJttmhi 
m indfloc w to Hit proportkm erf ilwi whole time tf»*t Hit 

machine, plant or systern to which It applse* |# tugitig worked 

tt ite foil capacity* Tli# tiii§#Jiifi% plant m BpiUm mmi \m 
m abated m dmignod tint it will lamltt Urn mtmlmmm ptmw 

that will b® impaaed on It B*§l ft k 
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of tho gmmnt.1 nature of things, iimf any uquipmmii will hnvu 
the* maximum demand which it ntn handle? impowd on if, 
during ail of tint HJtifl hr. of a your. 

But whether the i,M|iii|)iiieiii k unlondnd or fully loaded 
there are certain fixed ehurgim (inimmt, d<»pr<*riuti<m, taxon, 
inmiriiiiee, standby rusts, and the like*) which art* adding up 
continually. Tlmi is, any equipment is rusting its owner 
money whether it is producing or idle. Now during the bourn 
that the equipment in well or fully lour led it is earning mom 
money than it k s}*ending, hence, twin a profit. The morn 
nearly fully loaded it k the inure money net it in mi ruing, 
linnets, it follows from an mmomie mIiiiiiIjioiiiL that it in ilu- 
Hirahle to keep nil equipment m near fully loaded im ponidhle 
during all of the hours of each year that k, it in desirable to 
obtain and maintain n high load fiietnr. The graphs of Piga, 
50 and 51, discussed in other artides, illuHtrabi tlim jirindfihi* 

PmXawlic. -If a machine lumt tm it tttwfly ilm mnm jmwer 

lorn! (hiring all <if tin# M f 7HII hr. of 11 year, then ulmmmly the average 
jitiwiir hmi is equal to the maximum tlwiiinnl and then tlir liiifiiiul hunt 
factor for that year would he 100 \m cent. 

If ?i ttuwhimi hm ifiif nmmt nn it t,0tg) km, Imlf of the time 
and no load mi nil the oilier half of the n$m% then the average load will 
he Sill kw. Ttti* mmmnmm load m 1,000 kw» Hence, the load factor m 
500 4* t/MIl *• 0,50 ** m per rent, A load factor of U\ }mr cent, then 
imphm that tli« et|i«|iii«tnt to wftieli it rrtiite# « prudukiig to Hie extent 
«#f only half of its ability. 

Mow,— *It k oliviottai th«n that n Inmt Jartor tkmdm tint pttrmfitog* w/ 
the wirnk Him which th* equipment £# Mk f it baifig immimnti that the ittftttp- 

mmt k fttut 6sp*bi# of handling tli« itmsiitttitn demand, 
valua* mm used, ftf tft«pilf # I# datnrminn the ever §t§» fttiwnr im indireetly 
•a ergy ixpemditure) of an inatallatfon when the demand k 

kmwn - m to obtain th# demand when lit# average power m 

energy is known. 

88. The Effect of Increased Diversity of Demand It to In¬ 
crease Load Factor almost in direct proportion to the increseo 
of diversity factor. Thus, H. B, Gear state* that, in Chicago, 
the load factor of residence consumers individually t» only 
7 per cent., while in group* it is about 'M jwsr cent. The group 
load factor of commercial-lighting consumers is about 16 per 
cent, and for general power users is about 17 per cent. How- 
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ever, when these three (fees of consumer.-, :ue combined, the 
load factor of the load which they impose **» the station « 
about 35 per cent, during the winter months. 

89. The Effect of Load Factor on Central-station Rates is 
a feature that should ho understood. As tlm hud factor de¬ 
creases, the cost of supplying energy must nn-essm dy increase. 



Pprr*r*t i miifmlw 


Fig, 50.— : Graph Illiiitraling III® lnmmm9 In l,««I rlmr*** |i« yf«»§itt 

hemp as the Icmcl factor mrrmmu* «m * plmui *if tut) few# mmkuum 

load conting $10,000 with ii«l clisiriw nt 12 |trf 


A central station or utility plant must have sufficient capacity 
so that it can at any times supply tho maximum demand of the 
system which it serves. Usually, the lighting load in the even¬ 
ing determines the maximum demand and, therefor®, it is 
only for a few hours in the evening that tho equipment is earn¬ 
ing all the money which It is capable of earning. During ««r < 
tain “off-peak" hours the equipment may to relatively kite. 
Therefore, when “off-peak" fowls can to obtained, they are 
somewhat in the nature of a by-product. But they tend to 
increase the total load factor of the system and thereby de¬ 
crease the average cost per unit of energy. Hence, it k touch* 
dal to all for the utility company to sock and accept such loads 
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at rates considerably lower than those which it is necessary to 
charge for service which may be coincident with the peak load 
or maximum demand on the supply station. 



Fig. 51. —Graph (H. G. Stott) showing how' the cost of generating energy 
increases as the load factor decreases. Graphs show only operating and 
maintenance costs. 

The fallowing examples illustrate the application of these graphs: Consider a 
generating plant operating several units at an annual load factor of 30 per oent. and 
making energy for 5 mills per kwh. What would be the cost per kwh. on a 00 per cent, 
load factor basis? liefer to graph C l , then on the basis of Mr. Stott’s experience: 
Relative cost per kwh. at 30 per cent, load factor » 1.35 relative cost per kwh. at 
00 per cent, load factor «■ 1.13. Then, the expected cost at 60 per cent, load factor *» 
(1.13 + 1.35) X 5 - 4.2 mills f&r kwh. 

Now to illustrate the application of graphs A,B orC which may be used for estimating 
costs on the basis of the peak or maximum power load: Consider the same plant of 
the above example: the total annual cost per kwh. of operating the plant at 30 per cent, 
load factor is: 8700 hr. X 5 mills ** $43.80. But the annual cost per peak or maximum 
kw, per year «* $43.80 X 0.30 «* $13.14. Now referring to graph C:Relative cost per 
max. kw. per year at 30 per oent. load factor «** 4.05. And, relative cost per max. kw. 
hr. per year at 00 per oent. load factor ** 6.82. Then, the expected oost per kw. max. 
hour, per year at 00 per cent, load factor - (6.82 + 4.05) X $13.14 *» $22.10. 

While the ft C" graphs were used in the above examples, either the U A ” or U B” 
grapos may be utilised in the same manner for conditions which justify their application. 

Note. —Fixed charges vary inversely as the load factor (see example 
relating to Fig. 50). Operating cost* (Fig. 51) varies inversely about as 
the fourth root of the load factor. 

* H. G. Stott. 
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90. The Period Over Which a Load Factor Should be Reck¬ 
oned will be determined by the circumstance* of the earn 
Where an ordinary load to be supplied by a central station in 
involved, it is usual to consider only an annual or KJCMbhr. 
load factor—which is discussed in detail in another article. 
Where no period is specified, an annual load factor m usually 
assumed. Since no-load costs in an electric generating station 
during any month or week are determined largely by the f«mk 
load expected during the month or week,* it is evident that 
load factors for a shorter period than a year should Im used m 
a basis of power-plant-cost comparisons. Possibly the aver¬ 
age daily — or weekly — load factor provides the best value for 
such comparisons. 

91. To Compute the Average Power or the Energy Con¬ 
sumption Over a Given Period of Time the following formulas 
may be used. To calculate average power: Divide the kihb> 
watt-hours energy expended during the periml by the number ##/ 
hours in the period: the result will be the average pomr, in Mh* 
watts, during the period. That is: 


A kw.-hr. expended during period 

no. of nr, m period 

and, 

(18) no. of hr. in period - kw - br - emM 

avmtqn power 

also, 


(19) kw.-hr. expd. dur. period ■* (av. power) X (wo. hr, in peri mi). 


Example.—R efer to Mg. 52. What waa the average load ««t Gelt mt- 
ator Oi which operated 5,645 hr. during a year and developed! 133,MO 
kw.-hr. of energy? Solution.— Subetitut* In equation (17): A*. pmm 
- (.kw.-hr. expended during period) + (no. of hr. in periml} - 1*3.010 
+ 5,545 - 24 ho. 

Example.— likewise, the average load on Generator G t waa: iJtoOOO 
kw.-hr. + 7,800 hr. - 20 to. 

Example.— What waa the average load for the year on the generating 
station diagrammed in Mg. 52, which, as indicated by watt-hour meter 
W* supplied 289,080 kw.-hr. of energy during tbs entire yew of 8,750 hr.? 
Solution.— Substituting in equation (17): A*, pmm * (to.-Ar. m> 

















</?ec ids 133,080AVA. 
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Totalizing Watthour Meter 


;W 2 

Heads 156,000 AVA. 

Feeders*** 1 . 


^"Operated WOO Mrs 
during me Year | 

-OnpTijla/-i rr Hr <■ 1N1 ir'inrv Hi a 14/tn 


3 4 5 


-Operated $545firs, during the Year 

Fig. 52.—Examples in determining average loads. 
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pended during period) + (no. of hr. in period) 2H0,f>KO ; . 

33 kw. — average annual load. 

Example. —Tho watt-hour meter totaling the energy supplied to n 
certain industrial plant (Fig. «J) indicated during a certain yrnr m 
annual consumption of I07,:«« ^w.-Er. Whiit was tin* average load 
posed by this plant during this year? Sowtion. Substituting in ci|U»- 
tion (17): Av. power ™ (kw.-hr. expended during prrml) inn. of hr. 
in period ) = 1 <*7,302 4* 8,700 ~= HU kw. That is, the average MM.nnl 
load imposed was 10.1 kw. Also ace Mr. H for another example. 

92. To Determine the Average Power From a Load Curve, 
either the graphic method illustrated in Fig. .Vi and in tin* 
following example or that involving the use of a plummet**r 
(Figs. fjO, f)7, . r »K ami r>il) desc.rihod lielow may he used. The 
general procedures is splite similar io that used in ohtaiuing the 
mean effective pressure from a steam-engine indicator diagram. 



Fici* Sfn-'"lliiwtmtln« <*f txmnpntlnt tmm m 

Umd Krapht 

93. The Rule for the Graphic Method of Finding the 
Average Power From a Load Curve is: Hmtc w read from 
the load graph, the momentary prn'tr txprmhlurm nl the, m<k 
of suitable, equal time intervals over If e mitre lime romprt hnmkd 
by the graph. Then add these momentary jmeer-rxpemliture 
values together and divide their sum by the nmtlter of pmarls 
into which the entire time urn apportioned, The result vnti 
be the average power expenditure or average had. 
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Tire number of time intervals into whirh the fill in* time 
nlioilhl be divided in determined by the contour of the graph 
and by the degree of accuracy desired, In general, t he greater 
the number of intervals taken the mom accurate will be the 
rent lit. However, where the contour of the graph k quite 
regular and ii comprehends 21 hr. of time, jim in Fig, an, the 
result will usually he sufficiently accurate for practical! work 
if 1-hr. intervals are assumed, ft is seldom necesHary to use 
intervals smaller than half un !ionr cm a graph eontprchfmdmg 
a 24dir. period. When the contour of the graph k extremely 
irregular and comprehemlH a short period of time, it tuny ho 
desirable, to insure sufficiently accurate results, to am 15-min., 
h ruin, or even l-rnin. intervals, 

KxAWin;. Illiiil is flie avenge prefer ffir the bm\ grifili ?4imv ti in 

fig, hhl H*aaTio,v. Smre this {which m tin umueimry mm I m 

quite regular, the iwiwifattury power expenditure# were taken nt I hr end 
of each I-hr. interval. These arc given above the graph* IU% 2£, 2ft, 20 
kwv, etc. Tim mint of all of inwiuviifary dcm/indu m MU k%\\ Hutee 
the graph mm divided into 24 Intervals, arrm^n im*i ^ hi 12 ’ 21 •- 
33.4 kWn 



®4. In D«ter«iaiflg Hit Attfigt Pmm From t toad 
Graph Witt m Otikmy Pokr Pkntmtitor (Figs, fill and f#?| 
mmfmm tfm fieimt arm it/ (Im prrtim mthin the § mpk^wMck 
nprmmtn mmrgy or kilmmi^himr im gywsm imhm by wring 
tk$ pUmimder, Mm AMdk ihm arms by the actual imiylk o/ 
$ 
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CENTUM, STATIONS 


’ A 1ST. fll 

the graph in inches. The quotient thus obtained mil he the 
average height or length or ordinate of the graph, in inches. 
Them, find by scaling along the ordinate axis of (he graph the 
kilowatt equivalent of this average height. This kilowatt equiva¬ 
lent will be the average, power in kilowatts. 

If the planimcter which is ladng unod is not sufficiently Inrun 
to indicate the area of the graph under consideration in one 
sweep, divide the total area, with vertical pencil line*, into 
three or four sections, which need not he equal; find the area 



Tm* H7.~—Exainplu tif Hip a***rnts»* ‘i . 


of each section and tlam add all of these partial imam together 
to obtain the tot al area. Detailed directions for using plwtiim- 
eters acoompariy each instrument or may l*i found in Irook* 
on steam-engine or indicator practice. 

ExAsm.ii, —Find the average power from the graph of 1 ig hi with a 
planimeter and compute the eawgy thcrviiy represented. Boumott.-” 
By using the planimeter it is found that the area {ABCDBFQH lJKbit d) 
within the graph, representing energy, is 27,547 sq. in. {Mot® that the 
out shown is only about one-third tha sire of tin origjnal graph on a hirh 
this example was baaed.) The length, AL, of the graph is found, by era!* 
ing, to be in* Now in. « 9.525 in. lienor, the average height 
or ordinate of the graph is: 27,547 + 9.525 ** 2J8 <*. 

It will be found by adding along the ordinate AN that2.M in. Is 
equivalent to 572 kw., that is, 1 in, * 200 fcw. lienee, the average 
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powar is 572 kw. iw imlientwl by lino Op which im.t born 4rnwn in on 
the »h««t. Furthermore, th« energy rcpremifert )>y (ho tilmtlnl urcn 
within the graph w: 572 kw. ;< 21 hr. - Ft. 72* lnr. hr. 

If it were known at thcubirt that (lie energy rt'prei»cnt**il by the ahmlcd 
portion within the graph was h'J,72s kw -hr., (!«• procedure to determine 
the average power might then have been (him: K!,72H kw.-hr. 2 ! hr. 
572 kw.-hr. wliieh hi the average power or load, 

98. To Determine the Average Power From a Load Graph 
With an Amsler-Type Polar Planimeter (Figs. 5K itnd 51)) tlm 
prwetw is simpler than f hat just described humoHc, with thin 
inutrumcnt, it in unnecmwury to wain tin; length re|limit¬ 
ing time—of the, graph. Uy {xofortning it simple stihtmetion 
and division the average height (which is projiorf ionu! to Urn 
average power) of the graph may he ohtuiued directly jwt 
outlined under Fig. 51). 

96. To Determine the Maximum-demand value for use in 
computing a load factor, the most desirable nnd accurate 
method is to use the reading of n maximum-demand meter 
where mich is available. Where load graphs are available, 
the maximum demand ran lxj readily taken from them. Tim 
record of a graphic wattmeter tit useful in this connection. 
A load graph may lie plotted from the readings, taken at 
equidistant titne intervals, of an indicating ammeter or watt¬ 
meter and the maximum demand may then tie ascertained 
from the graph thus plotted. The examples herein recited 
Ilhwtrate the general methods. Where the demand factor 
applying to a conneejnd load of a certain character in known, 
the maximum demand can then he obtained by multiplying 
the connected loud in kilowatts by the demand factor; the 
mult will Ire the maximum demand in kilowatts, Thn defini¬ 
tion of connected load in given Wow, The following eipiationa 
indicate how thin promt# may be utilized in solving load-factor 
problem*. 

Nom-—Tt« maximum demand of an ftnergy-mwiving imtfslktion in 

xonsrtimiw, crromMSialy, nMstrwd m eipnd t<« the connecte,| loud, % kiln 
thin uMumptinn may appn>xim«t« the facta in atrUin isolated instaww*, 
aneli is seldom the rum, ‘I1«* vain** obtained by dividing »e<rn»» f««d 
by r unmrtU fowl dom iw4, give "lorn! far tor" but give* “«onm-cte44«mtl 
factor” aa explains*! in a following article. 
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(A nr. m 



Fig. 58,—Amulor-typi* |jt#kr plnninwUT hintig nmnl in »fr* 

within n gntph. 



#ici. 


-MiiiticM (A miUnu planimahir m flint It will madl ih* mmm m 
avmga litigfcl of graph* 

Tlifi piatiiiiw4#r I# !*t*M n$mhh tlmn mi4 oktil* T mA m Jl**4 Urn 

tmm tI wiii b in tl m wfifltt I# hi tfe** f««§4 ••o* w 

clamped ami tl§« pfamutHt* m*« 4 in ih# uatiiil way. 

tw» affitt* Oh* «wttt hm%ht A ftw grnph tmf \m itnm tl* 1 

witli <m* ifink# *4 imtmmmt* ihn 4tmfwr ft* *1 ifc# At*4 

•t tbi tint of tip 4ln*M I $p f1 4 will mv* III# mmn t§#4#M «f %m m$t» I* 

lacfwt* (arrow! rrodtajtt 4 *WTM <* 'fit** ♦ Jfttl ## # f§# *«Sv* 

0,4i# + 0,4 » 1.10 which I# ft» mmu bt4%k% nf tm dkffltm 6 tmAm* 











SfvT. r»l ri.AS T FAiTOH AS U rnSSK<'TEhdjn\h FArtOU m 


97 . The Equation for Computing Load-factor Problems cm 
the Basis of Demand Factor and Connected Load Where 
Only One Load is Under Consideration follow from tint fart 
disclosed in equation iSt that: Mtu'imuw dnmittd vtmmvU d 
had x demand fmiur, Substituting this expression, which is 
taken from Art, in formula U I) it follows licit: 


m\ pom r cm rnpc pmvt r 

l«0 ;/ juinr i/pij-, drm, (jinn, fm'inr j X U'ott, Until) 

(21 ) /trrr#if|c pom r (d*m.fnt\) A iron, land} X f load factor)* 

art raw, poire r 

122} Dew, far, f # / , ’ . , # # * 

■■ f * s I, ,<(>/ inffi t f i *• f 11 ititi l 


Vtmnrrird had 


ftnmtjr power 

(land far it a') A tom » Imtdj 

nvrmtjc fmn*rr 


f dr in» ft if far) X (land factor) 


E\,iMriJ:» The mine**’!**1 heel of a attain theutfe A,2 lav. Its 

Average power miMifiqfiMi t hr *\700 hr.) Itd4 wow 0 27 

kw« If a fun or of 40 jrr cent * t#i* let applying to flii'i 

of ^fvktt w » a v'V4*ui|cm«\ tug Table 1l!l ‘Alcit will be the iiiiiitcil 
find furfur f«#r tlm imi%lhimn7 SoiwlltCo Stiiofifsfie in eqtmUofi 
(20)1 load *e\ jm\) y (*on, hmd)\ U 27 

: / ;i,2) (1,27 : I ,S7 0.172 17 2 p> r mil,, which is the 

wifina! Ifiwi factor mlikli way rciwofeibly be njirrml fur iliw e\nm at 


98. If Several Different Loads or a Group of Loads Are 
Under Consideration ami Hums m a <liviT.Hity hiiiouk tluur 
d*!»i 5 in*fw, it diversity fnntot may la* iiitmdtiml into Uni 
formultut. it rait h« .diown that, fiqwiUun (13), for noveml 
different lends: Max. 4*.in. (rimiurird hod) X {demand 
factor) l (dirmiiy factor). Ifertee,it.it*i«KUiih exju-ewdun 
for maximum demand in equation (2D ): 


(24) 

(25) 

(26) 


Load factor 


a». power 
max. dem. 

(av. power) X (diver eily factor) _ 
(mnncctefl toad) X (dem. factor) 


Connected had 


{m. power) X (dioernty factor) _ 
(had factor) X {demand factor) 


Demand factor 


(m, power) X {divermty factor), 
(had factor) X (amneded had) 




Fi(i, 60,—Kiaiiiplii lit <>otn pitting toad tn*U*r uw fit# U*4 I*.ad* 

dtmmnd fwUtr ami divrridty HrUtt* 

Example.—W hat will Ut lint probatii* ait min! Iwtil fitrtor 11%, SO) #4 
the load impogod nt A by tint fivi* i«iiinif»«liirisig jiImIi? *)**»* f? 9 if ll# 
aver ago load m 2MI kw. It m imnumi tlnit th# tiwimwil imUw nf %\mt 
loads m SO p»r cent, arid tinsdtiwtwl y Imlmmm %hmu in 1,14? 

Hi© total ooriiioolttd load in: 2,2 f- j 8,0 + 1,2 4 1,1 '? 1.7 ^ 19 8 
Than, iulMitiitiiig in «ii|i«ti<iii (24): 7#«4 /##fnr ** (m* |#tm) X 
(dimHty fmtnr) •¥ (ww, f#i«4| X (4«m, jfmfm) * (Stitt X 1.441 ^ IP! H 
X 0.5) * (2M * f J) ** CUfl ^ 38 f#cf mil. iUtfiw, llw toad farti#f <4 
tit# load imposml at d it Jill jprr m»t , 

99 , Load Factors, PtfMiid Factors tad 

Factors of “SmalF* and “Medium” Lighting Customers te 
Ch3b&go.~Tho valuta in columns A ftttfi #i m mmn$m from 
the information of actual tints,* They am hmul m data pm* 
seated before a National Klmitric light Ammmiim mmmtt* 
tion by li W. Lloyd. Tht values In column C mm ribtaifM*l| 

* 1$m4 m 4*1* gmmrt*4 Mhm * Uatfe«*l Ufeitrl* Uglt martimMm if 

& w. i Jure 

,x 


* 
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in accordance with the method described in another paragraph, 
by multiplying together the corresponding values of columns 
A and B. It should be understood that while these values are 
“representative,” in that they are based on averages of ob¬ 
served data, it does not necessarily follow that the same values 
will be obtained under all conditions for the loads of the dif¬ 
ferent classes enumerated. However, they may, ordinarily, 
be safely used in estimating where precise values applying 
to the particular conditions under consideration are not avail¬ 
able. All of the following values are expressed in per cent. 
The load factors and the connected-load factors are on an 
annual (8,760-hr.) basis. 


Kind of business 

A 

Load 
! factor 

B 

Demand 

factor 

C 

Connected- 
load factor 

Banks. 

16 

67 

11 

Churches... 

12 

56 

7 

Hotels. 

24 

28 

7 

Houses. 

8 

43 

3 

Offices (business). 

9 

64 

8 

Offices (professional). 

7 

64 

4 

Pool and billiards.:... 

17 

65 

11 

Printers and engravers. 

15 

59 

9 

Restaurants. 

23 

52 

12 

Saloons. 

21 

63 

13 

Shops (barber). 

12 

70 

8 

Shops (machine). 

9 

37 

, 3 

Shops (tailor). 

8 

59 

5 

Stables (livery). 

22 

52 

1 11 

Stores (book and stationery).... 

12 

66 

8 

Stores (cigar).\ ... 

17 

. 65 

11 

Stores (house furniture). 

8 

52 

4 

Stores (dry goods).! 

8 

77 

6 

Stores (drug).................. 

19 

79 

15 

Stores (furniture)... 

6 

70 

4 

Stores (grocery)... 

10 

73 

7 

Stores (hardware). 

11 

40 

4 

Stores (jewelry).... 

15 

@4 

10 

Stores (shoe)... 

10 

67 

8 

Stores (clothing).. 

7 

53 

4 
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| Am. mt 


Kind of btiidiH'fin 


Small hotels and rooming houses 
Laundries.. 

Theatres—... 

Warehouses... 

Wholesale houses... 


Manufacturers. 
Hospitals.. 

Flats...... 


1 

1 

li 

r 

!.»>».! 

i JtftIJHJvI 


Uirlut 

fnrf «*r 

l-uvl f.J 

2t> 

! 07 

1 « 

JCI 

ItH 

1 

17 

4H 

% 

12 

41 

r» 

HI 

47 

«? 

! 

m 1 

14 

h 

13 : 

42 

i\ 

7 


i 


100. Load Factors, Demand Factors and Connected-load 
Factors of “Large” Combined Power-and-light Consumers 
in Chicago. —These values are averages of art us! t >■>»;>.* 
Their use should bo subject to the restriction.- .-jienficij in the 
heading of Table 99. All of the folbwioK valnef are e\pi i-wd 
in per cent. The load fact* 


Kind f*tiffIfi«*M 


Butter and creamery... . 

Breweries... ...., 

Brass and Iron beds.... 

Biscuit manufacturers.. 
Boots and shoes,...... 

Brass manufacturing... 
Boiler shop........... 

Can manufacturer*..... 

Candy manufacturira.. 
Clothing maaufacturer*. 


Clubs (large)...,..,...,.. 
J>ep»4m«nt item (large). 
^Electrical manufacturing.. 
ixprea oompmim ........ 

Electroplating.. 

/Engraving and plating,.. 
J fertilizer .. 


rind tliu rniiiirrf» 4 i|4«a* 

HIM. 

i fur 

A | 

i li 

t 

Um4 | 

Ifrtifivt 1 


| 

U<% .} 

<* I 

2fl 

•Ml 5 

12 

U 

m 

27 

2fl 

m 

12 

IIS 

hh , 

ri 

25 

tiS j 

m 

m 

m | 

14 

m 

4f* 

H 

» ) 

: 71) 

21 

is * 

4a : 

H 

IS ! 

m ! 

1 

m 

i M j 

III 

m 

’> S5 | 

1? 

2S 

! m | 

14 

in 

\ mt ! 

24 

21 

! W ! 

If 

If 

* do . 

II 

71 

: m i 

EH 


TT 
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Ktii'l 1 4 


Furniture iiiiiitiifartiiniiM 

Fciuadrirn... . . . . 

Forge HhopH 

Clniiii t*hviilnm 
<#Inve 

(irntvra (whoJ**n;jl«M . 

Hof eh *<4114Jill * , 

Hotel?* Large i 
IriM’reriffi to tnufarlnriui' 

Jewelry nrifig 

LiniKlrirM.. . . 

Marline hliop:* . 

Newfiftiifrnt 

Parking liOU^e'i 

Ikiiit, ?m*I ink 
i%p*r»hm turmufari wrt 4 
Plumbing siitl |o|#** 

Ftieil ufliw'i,., . 

Power lniikliiigN 
Krlrigenifitui , 

Kailrwid 
Ihmmntfm I tike, 

% Htmp inaii?if»ekireri4 

Her*! ekann:-? 

H«sr**w nmiufmtwt-'t 'i 

Hpi«f milk,. , 

Hitw nmmiitHnp'tn , ■ 

^ Stfiirliiriil f$*'A .. 

Htefl’iiwlml inmiiiifiiHuref« : 

Htonii , 

Twin® tmlk . ; 
Thmdrm .., > , , * <. 

rm f ttjf liiitu , . 

Hmali tmttmtmlM . 

Wtmkn milk , , 

W«#l«w*iryn| 

^Textile milk ,, ....... ,,.,, 


A 

ii 

t * 

l„n%4 

1 Ir- S! siill 4 

f \ 4}fJ*'» 

itu-tur 


\‘A‘ 

js 

iki 

I H 

i i 

71 

1 ! 

;ii} 

Iff 

11 

H! 

# <■» 

s 

21 

tut 

1 i 

Hit 

IS 

11 

:s 

111 

IS 

hn 

if} 

Si 

in 

11 

III 

IS 

Iff! 

!f 

2a 

7ft 

m 

21! 

111 

11 

2ft 

To ! 

la 

lift 

7*1 1 


211 

; m i 

HI 


\ Ml \ 

i;i 

*m 

■ IS 

11 

m 

l lift j 

ii 

27 

I w i 

ii 


* w \ 

41 

ki 

1ft I 

m 

kn 

ifff 1 

m 

2a 

tin 

m 

2*1 

' tit 1 ' 

M 

lift 

71 

2:1 

Si 

> #- i* ;i 

*#»* J 

11 


Ml i 

17 

*Vi 

m in 

in ; 

§ 

JH 

7«i , 

hi 

17 

*V* , 

it 

;m 

nit I 

m 
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«nt | 

w 
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m \ 

mi 

:m 

Tit i 

21 

27 

Hit 

n 

> 

fill * ■ 

t* 

sm 

; nfp 

1:1 
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('EXT It A I* STATIONS 


mu 


101. Annual or Yearly Load Factor tqual to th* nr* my* 
power load over the entire year divided by the maximum pan*r 
demand during that year . A year ib taken an having: 
days X 24 hr. = 8,70)0 /ir. 


Examples of Typical Yeauly Loai> FA(*Toiai for 
loads are given by J. It. Cravath th*i«: A jmrHy lighfit 
town will yield at the supplying station n yearly or S’ 

of less than 20 per rent.; in a large eity It will 1 »*• Fm 
By the addition of electric-motor and heating-applhnr 
factors have been improved fsen Fig, 01) from year f 


ri'iif r?d'?!* a*i*nn 
r barf in a re >Jf 
Ml* hr. !?*;*’] f \* v 4 
bm :*,% f o r '•* 
bml\ ?b '»• bud 
yoar »brmg fh«' 



Fan 01.— Graph ahowitijc amnia! lone! factor* of tlm 
Edison Co.. Cddtmfjf!, Tlili indicate** Imw ill® load factor »?f n yy»*y t* 

improved through Myntematio penriitent effort. 


history of the ocntnU-fttation industry. A loml fnotor erf Immmm Iff »ii*I 
35 pur wit. Is mw common in fit© irtiiiifitf plant* having 
power load. In mtm manufacturing mUm P 1i»<1 htenrn t hm 

por cent, hnvo somoUmos Iwn attained, hut •m?h inutmuM or* row?. 
A combination of lighting, power and railway bmU in n hrjp; my |*?o* 
vldm a bad factor between 4# and 41 per cent, 

102* Oporiflag Load Factor w the mtm of the mm tye fwtwr 
had imposed m a phrd m by eqmtmmni, during t}m Hmr whtrh 
the plant or equipment ojwmtm, to the maximum jmtmr d*imm4 
imposed during that %vm* Frequently, c«»trAi:*i4»li«» pliiiil# 
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in small cities operate only during the night and industrial- 
plant generating stations may operate only during the day. 
Operating-load factors have their application for conditions 
such as these. 

Example. —A certain small central station in a town of 750 inhabitants 
in Iowa operates 3,540 hr. per year. The energy generated during the 
3,540 hr. of operation is 15,576 kw.-hr. The maximum power demand 
or maximum load is 16.9 kw. (1) What is the annual load factor? (2) 
What is the operating load factor? Solution. —(1) The average power 
or load during operation is: 15,576 kw.-hr. -s- 3,540 hr. = 4.4 kw. Hence, 
operating load factor — {average power load during operation) *v- {maxi¬ 
mum demand) = 4.4 -f* 16.9 = 0.26 = 26 per cent. (2) The average 
load over the entire year is 15,576 kw.-hr. -s- 8,760 hr. = 1.775 kw. 
Hence, the annual load factor = {average power bad over entire year) 
-r {maximum demand) = 1.775 -5- 16.9 = 0.105 = 10.5 per cent. 
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"0 / 2 3 4 5 $ 7 8 9 tO // IZ /3 U 15 76 !7 13 19 20 Z1 2Z Z3 24 
Equivalent Hours per Day Duration of Maximum Demand 

0 730 1460 2190 2920 3650 4380 5110 5840 6570 7300 8030 8760 

. 365 1095 1825 2555 3285 4015 4745 5475 6205 6935 7665 8395 

Kilowatt Hours Energy Expenditure,per Year, perKw. of Maximum Demand 

Fig. 62. —Graph showing relation of load factor to equivalent hours us© of 
maximum demand. 


103. To Compute the Energy Delivered or Consumed by 
a Given Installation of Known Load Factor when the maximum 
demand is known, reckon the average power by using formula 
(15) and then figure the energy consumption by applying 
formula (19). Where the maximum demand is not known 
but where the connected load and demand and diversity 
factors are known equation (21) or (27) can be used for 
calculating the average power. Frequently, the graph of 
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Fig. G2 can he lined to advantage 4 as illustrated in the follmiing 
examples: 

Example.— An annual load factor of 25 j>er mil. (Fig. 02 ) ifitplien » 

0-hr. use per day of the maximum demand and nn annual energy ex- 
pendituro of 2,190 kw.-hr., per kw. of maximum deitnui'l. Tluiii if n 

certain installation has a load factor of 25 per cent, nnd its maximum 
demand is 42 kw. the normal energy expenditure involved in: 12 X 2, SWI 
« 91,980 kw.-hr, 

104. A Specific Example Showing How Fixed Charges per 
Kilowatt-hour Increase with Decreasing Load Factor, * m 
stated graphically in Fig. 50. This m based cm nit mtmimed 
plant having a maximum capacity of 100 km’., and mi ummtmi 
cost of §10,000. A fixed charge of 12 jter rent, m umutiml 
thus: interest 5 per cent., depreciation 5 per cent., iiwiiriinri* 
and taxes 2 per cent. The fixed charge per kilowatt-hour 
generated may he determined in this way; 

Example,--T he yearly fixed charge llig. 510 vvill he: 11.12 * flii/Mt 

=■ $1,200. If the plant operated at a load factor of 1 ffl p^r eeiif, # 

hr. per year - it would develop: 8,700 hr t X 100 htt\ h** At, 

per year. Then the fixed charge per kilowatt 4mm would he: f 1/200 : 
870,000 kw.-hr. ”* $0.00157 ^ 0.157 rto», an plotted in h ig, 50 at A . N»m* 
if the load factor is 25 per cent., only one-half the energy i%ouI?I gen- 
©rated, that is, there would his generated 8,700 hr. y 25 kw. - 219/Ml 
kw-hr. per year. Then this fixed charge per kilowatt hour would he 
$1,200 + 219,000 10,0054B « 0MH <*«., m plot fed at If. That iff, 

with a load factor of 25 per cent, the fixed charge Isa#? been itwtrmnnl U*ut* 
fold. The other iwinla m the graph may be by a mnthf 

process. 


105. Plant Factor f m “the ratio of the average !oml to the 
rated capacity of the fx>wor plant, *.c., the iiggregitte liifingn 

of the generatera.” That i«: 


(29) Plant fa 

(30) Average load 


Plant fnctor - , 

rated capacity of plant 


(plant factor) X (rated capacity of plant) 


(31) Rated capacity of plant 


average bad 

pbnt factor' 


♦ Albert F. Strouae, 

t A. I. E. B, Rotm* 9m £& 
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Example. —The generating equipment in the central station shown 
in Tig. 63 comprises two 600-kw. (continuous-rating), turbo-generator 
units, A and B . If it is assumed that the average power load imposed 
on the station is 255 kw., what then is its plant factor? Solution.— 
From formula (29): Plant factor = (average load) -*■ {rated capacity 
of plant of generators) — 255 kw. -s- (600 kw. + 600 kw) = 255 -s- 1,200 
— 0.212. That is, the plant factor is, on a continuous rating basis, 21.2 
per cent. 



Fig. 63.—Kalamazoo, Mich., municipal lighting plant 

106. There May Be an Annual and an Operating Plant 
Factor just as there may be an annual and an operating load 
factor, as discussed in Art. 102. In fact, plant factor may be 
determined over any suitable period of time just as can load 
factor. Note that plant factor applies only to energy- 
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generating or delivering apparatus ami that it dors not apply 
to energy-consuming apparatus. While the explanatory deti- 
nition as given in the A. 1. K. 1%. »STANmAiuu/,,vrm* Hri r.s 
refers specifically to the “aggregate ratings of tin* pmeraiors” 
plant factor may properly he; computed on the basis of the 

output of any energy-delivering plant not, wressarily a 

generating plant. Thus, a plant factor may he computed 
relating to the output of a transformer, motor generator, 
synchronous converter or any similar sort of a sulestatiom 

107. APIantFactorDoesNotHaveaDefiniteMeaningUnlefii 
the Method Used in Rating the Capacity of the Station is 
Specified.—The station may he rated on a “iiormnbfmwer- 
capacity 7 ' basis or on a “continuous” or “muximmmpower** 
capacity 77 basis and the continuous capacity may be from 2A 
to 40 per cent, or mom greater than its normal rajmrity. 
However, since the “continuous” method of rating Hit! n**;d 
apparatus is, probably, in most erases tin* mom logical, it 
should always bo used where feasible. The roof tmtotm rating 
is defined below. Where no method of rating is specified, it 
is logical to assume that the amfimmm method w implied, 

108. The Continuous Rating of n piece of electrical up* 

paratus is that rating usually expressed in horse-pouf r or 
kilowatts but sometimes in amperes at which the imirhitm 
or device may operate continuously without its UsnitntioiM 
being exceeded. That is, without its becoming m mo- 
loaded that it will bo enwitettfed ami damaged m l women 
unsafe, inefficient or ofmrufe with a j» m$r A 

continuous rating is often referred to m n maximum mfimj, 

Mom*—*“A iniidiliie rated fur mmikmmm service ahull be able m 

operate continuously at its rated output without mrm^Hng 
dictated by: (I) Operating Umpcmiurr, (t) mmimmml f;p mm 

mutation, (4) didcctric (B) imvkiim rmManr**, III) rfim iff, '7* 

power factor, (H) warn thtip*, and fff) tfgnkimn* 

Mott iypfis of efa&tric&i machinery may \m given 
“iwmar 7 or “maximum “ rating*. The tmmml rating itnltcaf** tl m 
load which the machine will carry eunfimiwndy and with n over* 

load tor a specified time. The mmlnmm or vtmtbmmm rating mHmtm 
the load which the machine will tsarry mntimmmty but without mf mm* 

* A, I. E. E« Sf*»iiA»wi4w» fta t*l# 
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load. Thus a generator of a certain size and of a certain manufacture is 
given a normal rating of 100 kva. This means that the machine is capa¬ 
ble of carrying continuously a load of 100 kva., and that it will also 
carry an overload of 50 per cent.—150 kva.—for 1 hr. after it has been 
continuously carrying its 100 kva. normal load. Furthermore, this same 
machine will carry 135 kva. continuously (35 per cent, over its normal 
rating) and hence can be called a 135-kva. maximum—or continuous— 
rating machine. 

The generator discussed had a normal rating of 100 kva. and a con¬ 
tinuous or maximum rating of 135 kva. The present tendency is to 
give all electrical machinery only one rating—the continuous. This 
will tend to minimize the confusion relating to ratings which now exists. 
Practically all generators and transformers are now rated only on the 
maximum (the continuous-carrying-capacity) basis. 

109. The Importance of Maintaining the Plant Factor as 
Highas Possible will be apparent from a consideration of the 
discussion given in Art. 87 relating to load factor. In 
general, the lower the plant factor of a station the greater 
will be its cost of producing energy. 

110. Capacity Factor, a value sometimes used, has about the 
same significance as plant factor. Capacity factor is not 
mentioned in the A. I. E. E. Standardization Rules but is 
defined by G. I. Rhodes* as: “the ratio of the average load to 
the rated capacity of the equipment supplying that load” It 
might be properly called output-capacity factor. As with 
plant factor, this value will not have a definite meaning unless 
the method used in rating the output capacity of the equipment 
in question is specified. The “continuous” method of rating 
(defined below) should always be used where feasible. 

Note. —"Capacity factor” is, probably, a better and more general 
term than "plant factor” because, strictly speaking, the word "plant” 
limits the use of the value (plant factor) to the total output of a plant of 
some sort. But " capacity factor ” may be properly used as relating to 
the output of an energy delivering plant or to the output of any indi¬ 
vidual unit or group of equipment in the plant or station. Thus, there 
may be a capacity factor for a station and a capacity factor for any gen¬ 
erator or motor generator in a station. It is not unlikely that, because 
of its more general application, the term "capacity factor” may super¬ 
sede “plant factor.” 

* Standard Handbook, 1915; p. 875. 
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111. The Distinction Between Plant Factor, Load Factor 
and Capacity Factor should be clearly understood because the 
terms are sometimes, though incorrectly, used interchangeably. 
The term “load factor” is frequently used where “plant 
factor” is really meant. Some writers of standing thus use 
“load factor” incorrectly, but, since the term is accurately 
defined in the A. I. E. E. Standardization Rules, it appears 
best to adhere rigidly to the definition there given. “Load 
factor” is the ratio of average power to maximum demand while 
“plant factor” is the ratio of average power to rated station 
capacity . Furthermore, “load factor” may relate either to 
the energy delivering or energy receiving equipment while 
“plant factor” relates specifically to delivering equipment. 
The distinction between “plant factor” and “capacity factor” 
is that “plant factor” relates specifically to the total output 
of an energy-delivering station while “capacity factor” may 
relate to the output of any energy-delivering station, machine, 
system or equipment. Note that “plant factor” is really 
a special restricted case of “capacity factor.” 

112. Connected-load Factor is the ratio of the average power 
input to the connected load. It is expressed as a percentage 
and relates only to receiving equipment. As with load factor, 
to render this value specific the period over which the power 
is averaged should be specified. Usually the average is taken 
over a year and if no period is mentioned a year is ordinarily 
implied. From the definition just given it follows that: 


(32) Connected load factor - V^usio pow er input 

connected load 

(33) Average power input = {con. load factor) X {cm. bad) 

(34) Connected load = ™V ut . 

con. bad factor 


“ Connected load ” is defined in a following paragraph. The 
average power input and the connected load must be expressed 
in the same units. If the power input is expressed in kilo¬ 
watts, the connected load should then also be expressed in 
kilo-watts. If the power input is expressed in horse-power, 
the connected load should be expressed in horse-power. The 


/ 
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connected-load value used should be based on the output 
capacity of the equipment involved, and not on the input 
capacity. 

113. Connected-load Factors Are Most Useful in Finding 
the Probable Average Power Input or the Probable Annual 
Energy Consumption of an installation when the connected 
load and the connected-load factor applying to it are known. 
A distinguishing feature of connected-load factor is that it 
relates only to energy consuming apparatus. A comparison 
of equation (32) with those of (14) and (29) will disclose the 
distinction between this and the other factors herein consid¬ 
ered. 

114. To Insure That a Connected-load Factor Has a Definite 
Meaning it is necessary to specify the basis on which the 
connected load is computed. “Connected load” should, 
strictly speaking (see definition given in Art. 116) always be 
stated on a continuous-rating basis. However, it is not always 
feasible to follow this method. A lighting “connected load” 
is equal to the sum of the wattages of all of the lamps in the 
installation. A motor “connected load” is equal to the sum 
of the rated (nameplate) outputs of all of the motors. Motors 
are usually rated in horse-power output; hence, it is usually 
most convenient to reduce these horse-power values to equiva¬ 
lent kilowatt values before adding them together. Motors 
are now ordinarily rated on a “normal” output basis but a 
“continuous” rating is now sometimes given to motors. 
It is not improbable that, in the future, all motors may be 
rated on a “continuous” basis. Hence, the method employed 
in rating the motors should, where motors are involved, be 
specified when a connected load factor is stated. At this 
time, when a connected load factor is given for a motor load 
and the method whereby the motors were rated is not specified 
it may be assumed that “normal” ratings are inferred. Ex¬ 
amples which follow illustrate the method. 

Example. —What is the connected-load factor of the installation shown 
in Fig. <54 on a 1-day (10-hr.) basis? The watt-hour meter records 234 
kw.-hr. as having been used during a certain 10-hr. day. Full load out¬ 
put (nameplate, normal bams) ratings in kilowatts are indicated in the 
7 
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illustration ncaroarh pirn* of apparniiiK in fhr illtisf ratimi. 

The average load for the 10-hr, day in: 2d! : W 'JAA In N’mv 
substitute in equation («T2): ('on. hmd jmiar 1 M'rrmp fan T . *•'**«» 
nected lomi) = 23.4 * (2.5 i 5.5 i 30 h 7.5 f IIIj 2.'! ^ * 5h. 5 ft I 
* 40 per cent, lienee, the eonuneted-loml far for of lli.ii hmt ulliii+is m 
40 per cent. 

Kxamfub.— The combined motor mid lighting load dmunimuar’d m 
Fig. 1)4 is installed in a foundry. What n\f*rw annual load amy Am 
installation be expected to impose on flu* mdiul ,4a* mu and »imf mil 



fm« §4.—llhiitrfttifig m example of tlift upfdlmte-n *4 * umimtmt hm4 

factor. 

foe the probable annual ($,7O0*hr.) energy eoneiimpliiHi? ffahtmnn.-™ 
The annual approximate <iciiiiitset«I-l<»il factor m ilifiwti in Table III!, 

column C, to foe H per cant. Tin ttpifttlttii rated omiwrtrd Urn- 

mal ratings of ototom) in kilowatt*, is, m shown by the powar output 

symbols P«: JO +22.4 +541 fo *MH fo 11/2 f fl? s :4 t n 1 % 41 + 
U « 144 J km* Mow eubetiitit* in equation (It): J#* §mmm input *• 

lead /Oder) X (am. ** OJI X 1419 ^ 159 *u\ Item*, 

the average power load iiupoeed by thin plant an the eiuttral^tatian eye* 
tern would, probably, be about 1# kw, To eeeertaixi the 
energy eoniumid annually, subititute In equation fit}: XWAr. mpmtM 
dwing period - (o*>< p&rnr) X m hr* in period) *« IM X tf # ?«j *» 
1!%2§4 fcw-Ar, 

118. CmxtwlM4md factor Equals tot Product of D#mmd 
Factor and 1mA Factor tut will bo ebown. By doftititioii, mm 
eqtmtiott (82): 
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( 'unnvrt* ddutid furfur 


urrmtjc pmvrr input 
mflMritsf Iwtri 


iinfj a# shown in mpmtinn 1 lai: 

(Illi; A rrmtjr ptnrrr input {tend furfur} C<fcw ^ t 

mnndj. Flirt hnnuurn, it nm ( on tin; ‘Vlf'' , T4^wftWi^ 

(Art, lilt am! mpml ion !m ahown that: 


■ ftj 





(*un nt i'U d laud 


maximum demand 
demand fnetur 


Substituting ilici exprosaioiiH for atwrayti puwtir input of (3(1) 

and for amtieeted kmd <if 137) in equation (35) tiili rental t in: 

„ #4 ^ . (hmd fmiur) / (mux, fhm.) Y (drm*fm.) t 

' maximum tlmmid 

The expression maximum *U mam! appears in both numerator 
ami denomtruifor itf fin* above eqtiation, bourn out” 

arid the resulting working forrmsla in* 

f3!l| Vnnmrtt rid owl far tar ^ {fund furfur) X (drtmmd furfur) * 
IIS, Connected Load m dftfmed* m #l tfio combined eon- 
timtnuH rating of all the rewiring apparntii* on corMitinunt’ 

premise^ nmmwU*A to the ny&Umt or part of I in? system under 
mwhymlkmJ* Tin* i ml put ratings ilionld^ whore foamble, 
\m used tmfeud of tin? input ridings, 

tl%hun,n> -llir r«iiti«i*4 tmd an the imrviro ahmrtt in Fig, 5! m; 

2 fp k%\ hi :m hr t f ia tax, f uah. t :*.r* um t ^ mx ju% 

II?, k Graph for Quickly Computing the IQtowatHtour 
Energy Consumptfon of m Installation When the Con- 
oected-toed factor Mid A# Ctatnected Load Are Known m 
given in fig* 65, Tim ftppUcntlon k explained in the follow- 
itig example*, Till* graph may also, when the connected* 
loiiil factor i» known, be applied eonvenieiiUy for determining, 
by inapoction, lit equivalent hour* mml per day of lit total 
connected load. 


A, I K IS. Umm* 
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Example. —In a certain plant the total rated capacity of all of the motors 
is 60 h.p. The connected-load factor is known to be 25 per cent. What 
will be annual energy consumption? Solution. —The graph of Eig. 65 
indicates that, with a connected-load factor of 25 per cent., the annual 
energy consumption will be 1,634 kw.-hr. per h.p. installed. Hence, the 
annual energy consumption will be: 60 h.p. X 1,634 = 98.040 kw.-hr. 


%°s\ 


sol 
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fcro# 
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-GrramBm&-d^8760~Hm\ 


Year 


0 I 2 3 4 5 6 7 8 3 10 11 12 13 14 15 16 17 18 13 20 21 22 2324 
Equivalent Hours Use Per Day of Total Rated Capacity (Connected Load) 

0 544.6 1089 1634 2/78 2723 3261 3812 4357 490/ 5446 5990 6535 

2713 8/6.9 1361 1906 245/ 2995 3540 4084 4629 5/74 57/8 6263 

Kilowatt-Hours, per Year, per tP Insta/led 


Fig. 65.- 


-Graph showing relation of connected-load factor to equivalent 
hours use of connected load. 


It will also be noted from Fig. 65 that a connected-load factor of 25 per 
cent, is equivalent to a 6-hr. use per day of the total capacity or connected 
load installed. 

Example.— If the connected-load factor of an installation is 40 per 
cent., it means that the energy consumed by this installation is the same 
as that which would be consumed by all of the connected load if it were 
operated at rated (nameplate) output for 9H hr. P er day (see Fig. 65) 
every one of the 365 days of a year 
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LOAD GRAPHS AND THEIR SIGNIFICANCE 


118, A Load Graph, or m\ ii is mmmiimm railed, a load mtrve f 

is merely a graphic record of the power loads which have boon 
imposed ciii n station nr mi mmm electrical unit at nil of tlio 
different iiihfanfs during a certain pern m l of time, dlio HIuh- 
trafions Tiffs. lit# to »s7, which urn based largely on data pio- 
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jmihwI by CL L Hlifwlr#*) ffltotr oxamplaft of Ifintl graph*. Those 
graphs are mumlly plotted with tint power vatuitu vorlktally, 
that 1% nlfiiii tlifi finiiiiitffi of tlie gmptm, llinii w pteitfinl 

hotiasontally f that i» f along thu of the grnptii, 

NwK,-Tiit teliiiliMt withm Ilit Iwl gmplt ^ mUmtM hf tht 
itiiilwl pmtmm in thi? Mmlmimm-wpfmmi mtmgf> lint ii f ilit 
pfoiitiet of: Pmw X tim* Tfm», In Fig* ii ttw iliAiItsI pwikm of th# 
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119. There are Two General Methods Whereby the Data 
for Plotting Toad Graphs May be Obtained. 3D// -<•/ 1. 
Where graphic; instrument are installed the I "a* I imjnwd at 
any instant can he readily ascertained from the record made 
by the instrument. In fact, the record strip of a graphic 
wattmeter is its load graph. Mviiml 2.- Where graphic in¬ 
struments are not installed, the power values for plotting the 
graph may bo read at equidistant intervals from indicating 
instruments connected into the circuit under eun.-ideiaiion. 
The frequency with which the readings should be taken will 
be determined to a large extent by the character of the load 
under consideration. If the load is subject to wide and con- 



Fio, 07.- -Hlwwlng tm 11 typm! mifir*i! **$ &44nm 

thit ctifirRlug lm*l of 11 IiiiiMlr«! \*U*h>*< ?* 

»t»am drlviiii awl In a Hiy td t f^f 1 * 

1, 1910.) 


tinual fluxafcion, it may bo desirable to take readings every 
minute or even every half minute, but if the load w reaHonahly 
steady —that is, changes in value alowly—il wilt usually I* 
sufficient to take a reading at the end of every la-mitt. time 
interval. Where an indicating wattmeter is available, the 
power values thus obtained from it may lie plotted against 
time into the graph. If no wattmeter is available but an 
ammeter or a voltmeter is, then both instruments should be 
read simultaneously at the end of each time interval. Then 
the product of the current and voltage thus obtain®! will, on 
direct-current circuits, be the watte-power expenditure at the 
specified instant. 
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Noti;, ( >u nlf«*niiitiiig‘riirr«*ijf ritvuiO niilrM fin* furfur Ititfi- 

jw*?ih U* 1«* 100 jut rnit, f which in not likely fit In* flm rnm\ tlm pioiinrt 
of flu* \ oil .sum! unt|H»rrn u ill not r^ptivumf uatf.n; hoit«**», with ultcrimt ttijj;- 
liirrriit rimtatH, it in iiit'oiiVi # «iriii to obtain tlm |iowor-<; t \pi*inliftoo 
vuluoa nulvm mi allftniafiiig-riirntnl wntf k tia*il 

Kxami*li;, Tin? gnijilt f of Fig. 07 \\ m plot foil Fmjii thr follow mg 
viilnon: 
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120. The Importance of a Thorough Appreciation of the 

Significance of Load Graphs should bo understood. A load 
graph indicates at a glance tho general character of the load 
which is being imposed and bring* out, tho facts much more 
forcefully than will a couple of columns of figures. Tho higher 
tho load factor (ratio of average load to maximum demand) 
tho Sowar, in general, tho coat of energy production will las. 
Obviously, the more nearly the graph of a load approximates 
a horizontal line tho nearer will tho conditions bo to tho bloat. 
That is, to omnomixn energy production tho “valleys” of a 
load graph should bo filled in and the “ jxsaks ” should 1st lopped 
off. An inspection of a load graph will indicate Just at what 
hours of the day tho “valleys'’ and the “peaks” occurred and, 
with this information available, suitable measures may is* 
takon to “even up the graph.” 

Not*.—For tbms reasons mwy gnomUng station should keep load 
graphs as an important fuatura of Urn station reconls. Tiio graphs ran, 
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where a graphic wattmeter is not installed, be plotted daily from the 
station log. 

121. The Unit for the Ordinate Values of a Load Graph is 
ordinarily a kilowatt. In certain instances it may, where 
constant-potential circuits are involved, be desirable to use the 
ampere as the ordinate unit, because then the ampere values 
can, on direct-current circuits, be translated into watts or 
kilowatts by multiplying by the constant-potential voltage. 

122. The Period Which Should Be Comprehended by a 
Load Graph is a thing which local conditions must decide. 
Where plants operate 24 hr. a day it is usual to plot the graphs 
relating thereto so that their horizontal lengths represent a 



24-hr. period. When a plant operates only 8 or 12 hr. daily 
then it is sufficient if the length of the graphs represents only 
the 8- or 12-hr. period. Most load graphs are plotted on a 
24-hr. basis as an examination of the accompanying illustra¬ 
tions will verify. Frequently It is desirable to plot graphs on 
a yearly basis as illustrated in Fig. 68 that one may study the 
distribution of the energy expenditure over the entire year. 

123. Loads of Different Types Have Their Typical Load 
Graphs.—That is, the graph for any electric-lighting load will 
follow the general contour of that shown in Fig. 69. Indus¬ 
trial or factory loads will all have graphs of the general outline 
suggested in Fig. 70. This same condition holds, in a broad 
way, for all of the different loads of different classification 
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which a station may lie called upon to serve. It in for this 

reason that the disrawm of the load graphs of Iho different 
typos which follows is given. Those are, for Uto most part, 
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124, The Load Graph of a Typical Sltctrlc4lghttfig Load in 
a town or «;ity is slirnvn in Fig, 09, Whom tlwiru Is llttlci cm no 



AM PM 

Witt* ?§*—T|*|iiif»i t 44 «»tir l #*4 graph f«t im Itwliinifl.il m factory t&ad« 

demand for mmws to* motor* or railways, tlw power eon- 
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grtmimd Is tit illustration, The full-line graph indicate* a 
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typical winter-day power demand while that which in dot ted 
shows the demand on a typical summer day. '1 ho maximum 
demand occurs in the winter lime last ween 4 and G o'clock in 
the evening because at this time most of the stores and offices 
and many of the residences are using a maximum of light. A 
maximum “peak” for the year usually occurs in Dcrcmticr 
(Fig. 66). In the summer the lighting “jHatk" is int{M»sed in 
the evening—about 8:00 f.m.— and it is of considerable lower 
value than the winter peak. 

Nora.—The minimum demand for lighting encig.v >»t nri !«•»*•« » 
0 o’clock in the morning and 2 o'clock in the afternoon in «inter snd i 
tween 4 o'clock in the moniing and 5 o'clock in the afternoon in -'niiii.i r. 
A noticeable characteristic of lighting loads is the abruptnevi with wlie h 
the energy consumption increases (from A to It, Fig. t'Ai) in theevi tung 
and also the suddenness with which it decrease* (front H to (\ Fig MO, 
after the shops and offices close in this evening. The load fse-Mm for 
typical electric-lighting loads of the general chnracterL.tit s indsc'i** d >n 
the graph of Fig. (19 are noted in the ilhiwtration. As then! 4. 

the annual load factor is about 2.4 per emit. 

126. A Typical Graph for an Industrial load is repre-onted 
in Fig. 70. The load is a minimum during the hour* when the 
industrial plant is not in o]xsrntion. But flirt demand incre.iees 
•very abruptly at about 6 o’clock in tins morning and attains 
the maximum for the day about 7.•00 or H:00 a.m. At the 
noon hour the graph drops almost vertically downward and 
rises again at 1 o’clock when the machines and lining eipiip- 
menfc is again cut into service. It should l«: noted that the 
afternoon peak occurs shortly after 1 o'clock, but it is seldom 
as great as the morning jwtak. The power demands imposed 
by an industrial plant are about the same in winter us in sum¬ 
mer. The annual load factor will lie al««*t 46 jier cent . 

126. A Typical Load Graph for a City Street Railway t« 
delineated in Fig. 71. There are two pronounced {teak* m our- 
ring at about 8:00 a.m. and 6:00 j*.m. The* are due, re¬ 
spectively, to the demands iinjxwcd by the transjjortntion of 
employees to and from work. The minimum demand occur* 
about 3 o’clock in the morning. A graph for a typical sum¬ 
mer day has the same general contour as that for a winter day. 
But the summer-day demands are, at every hour of the 24, 







Sec. 61 LOAD GRAPHS AND THEIR SIGNIFICANCE 


107 


k 




/ 


less than those in winter. The principal reason for this con¬ 
dition is that the electric heaters on the cars require consider¬ 
able energy in the winter. In some cities it may occur that 
the summer traffic is heavier than the winter, but it is seldom 


TW 

Daily 1 1 
Load Factory 

WeeJ^fy 1 , 
Load Factor^ 

Annual Loa 

'\htnfer 1 * 52% 















Average 

Winter 

Summer 

- 52 % 
-50% 

• 50% A 

■> 








/ 

... 

r* 

\ 




Averayt 

d Factor 

4 

7 

1 

V 







1 



V 



1 


■ 

■ 

1 

R 


i 

i 


ffll 

19 

E 

1 






i 


a 

a 


l 

B 


i 


n 

a 








BS 

a 


111 

in 

B 


i 


n 

n 




■ 








ID 


Q l I I N If 1 1 I I 1 1 i M 1 1 1 I I II I I M II M l U t i l i 111 I I LI INI 

/2NXI 2 3 4 5 6 7 8 3 iO // J2NNJ 23456733/0 //AOT/2 

A.M. RM. 


Fig. 71.—Typical 24-tour load graph for a city street railway load. 


that the summer peak is higher than the winter peak. The 
annual load factor of a load of the general characteristics indi¬ 
cated in Fig. 71 is about 35 per cent. 



Fig. 72. —Typical 24-hour load graph for an interurban railway load. 

127. Interurban Street Railways usually show a graph about 
like that outlined in Kg. 72. The peak occurs at about 7 
o’clock in the evening and is caused by the heavy traffic 
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due to people riding home from the towns where they have 
been employed or visiting. The annual load factor for a load 
of this character is about 47 per cent. 
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Fig. 73.—Typical 24-hour load graph for a combined electric lighting and 

industrial load. 


128. By Combining a Lighting and an Industrial Load on 

the same energy supply source the resultant load imposed on 
the generating equipment will be of the character indicated 
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Fig. 74.—Typical 24-hour load graph for a combined lighting and city 

railway load. 

in Fig. 73. Note that due to the diversity of the demands 
between the loads of these two different types there is a 
tendency toward “smoothing out the hollows” in the load 
curves and that the annual load factor for such a combined 
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load is about 40 per cent, as against 23 per cent, for the un¬ 
combined lighting load of Fig. 69. Therefore, it follows that 
a material economy in energy production results where loads 
of dissimilar characteristics can thus be consolidated. 

129. A Combined Lighting and Street Railway Load will 
produce a graph of the general contour suggested in Fig. 74. 
The annual load factor resulting is only 32 per cent, as against 
40 per cent, for a combined lighting and industrial load (Fig. 
73). This is largely due to the fact that an industrial load is 
about the same in the summer as in winter, whereas, both 
lighting and railway loads are considerably greater in the 
winter than in the summer. 
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Fig. 75.—Typical 24-hour load graph for a combined electric lighting, 
industrial and interurban railway load. 


130. When Lighting, Industrial and Interurban Railway 
Loads are combined the resulting 24-hr. load graph will follow 
about the contour plotted in Fig. 75. The annual load figure 
is then, approximately, 42 per cent. 

131. A Combination of Lighting, Industrial, Interurban 
and Street Railway Loads will impose on the supplying equip¬ 
ment demands which will vary through the 24 hr. of the day 
somewhat as outlined in Fig. 76. The annual load factor will 
probably be in the neighborhood of 45 per cent. 

132. Load Graphs for Large Cities are shown in Figs. 66 
and 77. These have been plotted respectively for New York 
and Chicago from actual operating data. Both indicate the 
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results that may he expected by combining hinds of different 
characteristics on one supply system. The graph of Fig. M> 
comprehends loads handled by two companies whhdt operate 


taal 23436733/0II KtOU i 3 4 & h 7 3 3 U i-Hfaf 

AM. RMl 

Fio. 76.—Typical 24-liour load graph for a cowWii'-rl lighting, hahi'tit.), 
lnterurlam ami city railway loaiL 

in New York—The Now York Edison fktmpmiy nttd tiie 
United Electrio Light an<l Power ( Company. The had f*oi or¬ 
is approximately 60 per cent. Fig. 77 shows In fat bad fur h 
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Fig* 77gimplw fm CM Fin. 9A.~*Ty|rfr«| nf %\ m 

IIL» on typiiml mmmor and winter Iwfi m iii 

day la 1916. (CMmo&w«a!t!i plant, 

EMmn Co.) 


183- A Load Imposed on an Office Bit! 
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peak at 8:00 a.m. is due, for the most part, to the energy 
taken by the electric elevators. The evening peak between 
4 and 6 o'clock is due largely to the power required for light 
but the elevator power also has its effect at this time. 

134. A Hotel Isolated Plant will usually have imposed on it 
a load which will vary with the time somewhat as outlined in 
Fig. 79. The peak, which occurs in the evening, is due, for 
the most part, to electric lighting, but the electric elevator 
requirements usually add an appreciable share to the demand 
at this time. 

135. A Department Store Isolated Plant will have imposed 
on it a load of the typical properties graphed in Fig. 80. The 



Fig. 79.—Typical graphs of the load Fro. 80.—Typical graphs of the 

on a hotel isolated plant. loads on a department-store isolated 

plant. 


peak occurs quite early in the evening, just about the time 
the store closes and the demand drops off abruptly after 
closing time. A somewhat unusual feature which character¬ 
istic of department-store loads is that at certain hours of the 
day the summer off-peak load may be greater than the load 
imposed at the same hours in the winter time. 

136. How the Addition of Off-peak Loads Will Improve 
the Load Factor is brought out by the graph of Fig. 67. 
The area A represents the energy required by the regular 
load imposed on the system or plant in question which operates 
in a city of approximately 100,000 inhabitants. The graph 
shows the conditions on Feb. 1, 1916. The load factor for 
load A is about 59.6 per cent. Now, if the energy, B, required 
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for the charging of 100 commercial electric vehicles lie lidded 
during the a valley” 1 he load factor in increased in fid,2 per 

cent, and a consequent reduction in energy-production eie4 
will result. 
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10o. 81.-—A mmpnth>tm of winter atu*! isumrorr Th<* I f U 2 

graphs were plotted from obrervwl tkitn. graphu w*-tr 


1 137. A Comparison of Winter and Summer Load Graphs 
for the load imposed on the station in n city of approximately 
180,000 inhabitants is given graphically in fig* Sl» This 

illustration also shows how, in the particular cum under con- 



f i«. 82 , - 244i«ur load graphs for ihm* ««»!! tow** in t foorgi*. (W, tt«w*or 

C Miter* Klw'tririkl Krtvkw, Not. 13* Iff Sr) 


sideration, the load was increased during the period of 4 year* 
(from 1912 to 1918). 

138. The Characteristic Load Graphs for Small Towns may 
vary considerably as evidenced by the data erf Fig. 82, wherein 
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A, B awl (* are thu curves for thrno tiilTarcif it immicipalititiH. 

Thin condition donn not hold in tho atm of tho larger dtien, 
\ma%nm with thorn \\m load griiphn for nil usually (exhibit 
nimilar dmractori.sf ion. All tliree of the tmvu.s (Mg, K2) have 
approximately inhabitants. In nil throe the water¬ 

works pumpH are olortrioally <lriv*:ri. In town A during the 
dry mmmm tins motors driving the compmssora for tim air¬ 
lift wuIIm opemte during the night and also for Hovoral bourn 
in the morning- That is, fluty operate from ikCtO ium. to 
fklMt a.m. There in a fair eoiisiiiiifitifin of energy for the 
residential commerida! lighting and there In ?i roaHomihiy good 
street lighting sysliiiiu 


f 


\, 
f 


/s 

Hr 




*t: m*' v /' rri jym 


,* J * f 

4 A# 

*t * ’ ' 'V * 


? // 

00 


0 


§ 

( **r t* 04 f 

* * A 

< 0f% 0t * * V , f) $ 


,0 V 

Ht 


^ r ^ f Jf « / V 

tow* H*f, - noipV fnr m 

» Uv * , #u*r**J ri U**w nlt*»nri» 

nm Inr XfrkUrr »m< Ktmm*. 45IW 
pupnhtiiun ! 



t’w HI, r IWiit t4 iiiiiitiiii 

loipf Hfrifili, TfiM It3f|irrilr»i lf«#i 
Mwiitlily |f# t p| pmkn 4mm« tlw 


The reqiiir«wn*!ifff r»f the town B are, in general, similar to 
thews of A bill in B the pneumatic lift water motors are ojxjr- 
ated from 8:00 a.m. until about 2:00 p,m. In town C thi 
water-works pmn|* are ojwratad Iwtwoon midnight and 4.IX) 
a. si. In i»nt niicu* such an that just doscritssl it might \m 
possible to arrange with three different towns which are all 
foil from the same electricity supply system to operate their 
water-works motors at such times that the demands imjKmed 
by them would not coincide. Where litis can las arranged 
the load factor of the combined load thus imposed may lx* 
materially increase*!. A 24-hr, load graph for another small 
city of 4,200 population (1010 census), is given in Fig. 83. 

In this town the morning peak is not m pronounced as it is, 
s 
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month rather than tho variation of jxnvur domaini throughout, 
tho period comprehouded by the graph. 

140. A “Contour-map” Load Graph is .shown in Fig. K5 , ¥ 
In load graphs random! in accordance? with flic usual molhod 
(sen tho jiron»fling illustration) f ho values aro ordinarily plot tod 
befwftoft pmmr in kiUtwattx and the hour*i of the dmj (hat is 
to 4i two diiiionsioiiH,” In the graph of Fig. 85, a third sot 
of vat nos tin? flays in n your or a Horion of yours is infro- 



Fio. Hl| Uht twrfli turn b*m\ Krn|*)ifi to uhlnin ft 

r#r bm4 jerifJft 

dtieed. Thus tins graph \g plotted to *' threw diinonsionH." 
Tho ramlt in, instead of » load graph in one piano, a Merits of 
load graphs in apace. When drawn on paper, tho diagram itt 
similar in appearance to a tyjwgniphimi relief map of a hilly 
locality- or to tt weather map which allows the variation of 
the barometric pressure over a given area. The value* plotted 
In Fig. sr», indicate the kilowatt load* and tho time of the 
day and the time of the year of their occurrence-—on the aystem 
of the Company, de Mide do La Franco. Tho values near 

• lfi» DulNit to M Bmmdtm BimhH #« Mty % lilt* 
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the power contour lines in the graph, which in a typographical 
map would indicate elevations in feet, indicate flic power 
loads in kilowatts. 

Note that the total load on the system has increased materially (mm 

April, 1913, to January, 1915. The beginning of this gmif w ar early in 
1914 caused a sudden decrease in the demand for energy, u Itrli m ri nrly 
indicated by the shading of, and the contour linen on the map A load 
graph like this, which is plotted in three dimensions, will fur«*ibly indi- 


j 

; .. jy 

fh *>■ turn ft* H 


HiiHintiin ii 




■ -■♦'*•*** m* 

Fw. 87,—.Showing how a nu*mm buttery may I m M 

and discharged on the **pmk l# thereby i?iw»4iit lli# fwl lurP.r *4 llir 

load Imposed on generating pqni$mmd 

eate not only at which time* of tlw day, tmi ultoi at wltaf Cmm rrf tfa y**M 
the energy consumption of tlie system » small, With fliin 
available, suitable efforts may \m mmh to obtain hmh which will *• flit 
in” and “valleys” in tli# map- not only fti« daily ## vniff it 11 but aim 
the monthly and yearly " valleys ami thereby Itirrtaw tl m ttv«'rstl 
load factor* 

141* The Ifefhod of Adding to Load Graphs to obtain tWr 

resultant m shown graphically in fig* Si* Wherein, graph* 
1 and B m% added together fifing iwult&nt graph C* Thus, 



















Km\ <*] LOAf> GltAVihS AN'l> Til FI it S(UNIFK'AXCK 


117 


the height of any point in the total graph, C, above the 
horizontal axis m equal to the sum of tins distances of each of 
the two component graphs above the, horizontal axis meas¬ 
ured along the ordinate under consideration. Thun, distance 
l)K - KF + KG. 

142* How a Storage Battery May Be Used for Modifying 
the Load Demands Imposed on Generating Equipment in 
illustrated by the load graphs of Fig, 87, With no storage 
battery the loud imposed on the generating equipment is 
indicated by the graph JKH(*1>KF(U and the load factor m 
then rather low. But with a storage! battery arranged for 
a cif-pciik ,f charging and “on-peak” discharging, the loud 
im]x>Hud cut the generating equipment would be represented 
by the graph ABCJJFG1I and the load factor would lie 
relatively high. 













SKT.TION 7 

GENERAL PRINCIPLES OF CIRCUIT DESIGN 

143. In the Actual Design of Circuits if in nnt prariirii!4i% 
though it may ho entirely possible* to apply Giun\s hw i in- 
modified to an exton.sivu circuit. It ia, cm flat iHijffnu y» flu* 
usual practice to consider only the volt mm at tho grmuiitor 
or at some assumed source of energy and the current in mrli 
portion of the circuit under consideration. From cIicms valuer 
the volts drop or loss of potential in the rireiiil cun lx? readily 
computed by methods to ho doserilmd. 

Note.—I t follows from Ohm's law* Ilml fh*’ * uln> >ln<p iu * i«.>; 

of the circuit will equal the product of the i< iiwlumr of ih ti p>.i >t<.si »io<> . 
the current of that portion. 

144. The Features Which Should Determine the Sizes of 
Wires for the Distribution of Electric Energy are thr«®, thus: 
Tho wire selected should Ixs of such size: U) that it will cowry 
the electrical energy to the location where it is to be utilised without 
an excessive drop or loss in potential; that u, without «■««»»« 
I X It drop; (2) that the current will not hmt it to a temperature 
which unit injure the insulation of the wire or originate « f.rs; > 
that the cod, due to the power lorn {the /* X li tom) in the wire, 
causal by the current being forced through the ratiMunce, will not 
be excessive. 

A conductor may satisfy one of these tiiri® cetidifinr.a and 
not satisfy tho other two, hence, as a general proixadiion, it is 
always desirable to examine the conductor size wdcctod for 
any given condition from tho throe different standpoint* out* 
lined above. 

148. The Voltage Drop Will Be Excessive if the Wire 

Selected Is Too Smalt—It may readily be shown* that when 
a current of electricity flows in a conductor there i» always a 
drop or loss in pressure or voltage. IViteUcally all electrical 

mii hm% Pmmnmtr 

III 
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apparatus ntquiros a curtain minimum voltage for satisfactory 
aeration. With incaiicicHccnt lamp circuits it is frequently 
Iitifmnitive that the voltage drop be not excessive. The 
reason is that a small decrease in the voltage impressed on an 
incandescent lamp causes a great decrease in the light emitted* 
and a small increase in voltage causes a great decrease in the 
life of the lamp. 

Notk. "Hunnt, the voltage regulation of circuits feeding incandescent 

lamps should he very “dose,’* That is, the allowable voltage drop in 
incaiidescent-Iamii light ing circuits m small With circuits supplying 
motors, ft gt enter drop in voltage can be allowed than on circuits supply¬ 
ing only iaiitfm, I low ever, if the voltage impressed across the terminal 
of a motor m very much lower than that for which its manufacturer de¬ 
signed the motor, tin! motor will become excessively hot in operation and 
may blow if h Uuwm or trip it* circint-breaker. 



_; - ffrpftt 

I’Cui'nint * t fmpmm 

-p^ -s !^r-. -TTTTTTTnT 

-ia_ mtcffm 

'*•*••*-**••••*••»*•*“ * -vmtom -""•••**••*** *»—•*! *«mmm 

X *Cirr#f»f * if kmifr 

Fio, drop ia eonduatom* 


146. The Principle of Voltage Drop, sometimes called Ions of 
voltage or drop in potential, is beet illuatrated by the coruuderar 
tion of the specific example of Fig. 88. The generator serving 
the circuit is supposed to maintain a preeauro of 110 volte at 
itii line terminals The circuit of Fig. 88 has a total resistance 
of 1 ohm— )>£ ohm to each eide circuit. Aeeume that each 
incandescent lamp connected across the circuit will permit a 
current of M amp. to flow. With only two lamp* connected 
to the circuit, as shown at I, the current in the circuit will then 
be I amp. Also the voltage drop in the circuit will (by Ohm's 
law) be: 1 amp, X 1 ohm «• 1 volt. Then the voltage at the 
lamp* would be the voltage impressed on the circuit minus 
the drop. That is, the voltage at the lamps would be: 110 
volt* - 1 v*M » 100 vtM*. 

Now with 10 lamps burning, as at II, the drop would then 

*«#» tit# mtkm% immemm llAnwKttia 
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bo: 10 amp. X 1 ohm — 10 volts. Thou tho voltage improved 
across the lamps would be: 110 volts — 10 rolls UK) volts. 
Obviously, with tho condition of I, the two lamps would have 
109 volts impressed across them, whereas with the condition 
of II they would have 100 volts impressed upon them. 

147. Incandescent Lamps Cannot be Manufactured Which 
Will Operate Satisfactorily Over a Wide Range of Voltage. - 
Hence, the solution of a condition such as that described in 
the above examplo would Iks to use 110-volt incandescent 
lamps and so proportion tho conductor, that with all of tho 
lamps on tho circuit burning simultaneously, there would not 
be more than a volt or two total drop in tho out ire circuit, 
instead of 10 volts drop as shown at Fig. 88,17. How con¬ 
ductors may be proportioned to thus maintain tho drop at a 
minimum will be described in the material which follows, 

148. A Large Voltage Drop in a Conductor Also Indicates 
a Large Power Loss in That Conductor.—-It is often, from a 
standpoint of economics, advisable to use a conductor of such 
large size that the voltage drop in it will lw much less than 
that necessary to maintain this voltage at the receiving nppa- 
ratus up to the value absolutely required. The reason why 
the use of such large conductors is frequently advisable is so 
that the power loss in them will not \nt excessive. This situa¬ 
tion is considered more in detail later. 

149. In Incandescent-lamp Circuits the Voltage Drop 
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thereof, in the conductors between the buildings and the 

central generating station. 

Not b. A manlier of rent ml-station companies will not connect 110- 
volt instnllniiimH whore tins voltage drop from the point of entrance to 
the most remote lamp in the inside wiring installation exceeds 2 volts. A 
few companies limit the drop in the inside wiring installation to 1 volt. 
Koiuetime*, in isolated installations, where energy is produced at low coat, 
a 5-volt drop is allowed on 110-volt incandoscent-latnp circuits hut the 
muiltH are not wholly satisfactory. A 5-volt drop is certainly the upper 
limit for a 110-volt iticandescimt-lamp circuit. While the values above 
enumerated apply speciftcnlly to 110-volt lamp circuits, they can he 
used proportionately for lump circuits operating at other voltages. 
Drop is often expressed as a percentage, thus: The total drop on a circuit 
feeding ini'niiileiBieut lamps should never exceed 5 per cunt, of the lamp 

voltage. 

150. A Greater Drop Is Permitted in Motor Circuits titan 
in lump circuits lecauso motors are not so sensitive to varia¬ 
tion of voltage. With motors a drop exceeding 10 per cent, 
of the receiver voltage is seldom advisable and it is usually 
host, considered from a standpoint of operation, to allow a 
drop not in excess of f» per cent. If motors and incandescent 
lamps are served by the same circuit the drop in it should be 
limited to id amt 3 per con t. 

151. The Apportionment of Voltage Drop Among the Dif¬ 
ferent Components of the Circuit will now 1m considered. In 
circuit, design it is necessary to apportion or distribute the 
total drop which lms l men allowed in the entire circuit Imtween 
the haulers, mains, stilt-mains and branchial. In incandescent 
lighting, most of the drop is confined to the feeders Imoauso, 
if there is excessive drop in the mains and branches, lamps 
located c htm together, but served by different mains and 
branches, might operate at decidedly different brilliancies. 
With an isolated plant where energy is generated on the 
premises, a total drop of 3 volts (for 110-volt circuits) may Jm 
apportioned thus: branchial, 1 volt; mains, one-third of the 
remainder; feeders, two-thirds of the remainder. This will 
give an actual drop of l volt in the branches, O.ffti volt in the 
mains and 1.311 volts in the feeders.* Where tho premises 
is served by a central station, the practice of the utility con¬ 
cern may allow 2 volts drop In its secondary mains god the 

•See tiUa In ttelMr'k Ammiuan EumucMM* 1U«k*o*«. 
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service to the promises. In such a case the total drop within 
the premises should not exceed 1 to 2 volts. Where a utility 
company is to give service, it should he consulted regarding 
its practice in this respect. Some central-station companies 
require that the voltage drop in interior wiring installations 
which they are to serve should not exceed a certain maximum. 
In any ease it is frequently the practice to allow 1 volt drop 
for tho branchoa and to apportion the remainder of the availa¬ 
ble drop to tho main circuits and feeders. 

152. The Apportionment of Drop on 2,400-volt Distribu¬ 
tion Systems is often made under the assumption (hat the 
secondary voltage of tho transformers remains practically 
constant. This will be found true in a well-Iuid-out system, 
particularly if automatic feeder regulators are used. 

162A. The Apportionment of Drop in Motor Circuits may 
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m Table 154, a wire that is large enough, on the basis of Table 
154 values, should be used. 

154. Allowable Carrying Capacities of Wires. —These values 
are taken from the National Electrical Code, Rule 18. 


B. & S. gage 
number 

Diameter of 
solid wire in mils 

Area in circular 
mils 

Table A , rubber 
insulation, 
amperes 

Table B, other 
insulation, 
amperes 

18 

40.3 

1,624 

3 

5 

16 

50.8 

2,583 

6 

10 

14 

64.1 

4,107 

15 

20 

12 

80.8 

6,530 

20 

25 

10 

101.9 

10,380 

25 

30 

8 

128.5 

16,510 

35 

50 

6 

162.0 

25,250 

50 

70 

5 

181.9 

33,100 

55 

80 

4 

204.3 

41,740 

70 

90 

3 

229.4 

52,630 

80 

100 

2 

257.6 

66,370 

90 

125 

1 

289.3 

83,690 

100 

150 

0 

325.0 

105,500 

125 

200 

00 

364.8 

133,100 

150 

225 

000 

409.6 

167,800 

176 

276 



200,000 

200 

300 

0000 

460.0 

211,600 

225 

325 



300,000 

275 

400 



400,000 

325 

500 



500,000 

400 

600 



•600,000 

450 

680 



700,000 

500 

760 



800,000 

’ 550 

840 



900,000 

1 600 

920 



1 , 000,000 

650 

1,000 



1,100,000 

690 

1,080 



1,200,000 

' 730 

1,150 



1,300,000 

770 

1,220 



1,400,000 

810 

1,290 



1 , 500,000 

850 

1,360 



1,600,000 

890 

1,430 



1,700,000 

930 

1,490 



1,800,000 

970 

1,550 



1,900,000 

1,010 

1,610 



2 , 000,000 

1,050 

1,670 


1 mil *■ 0.001 in, 
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156. Calculations for Voltage Drop Are Usually Based on 
the Resistance of a Circular Mil-foot of Commercial Copper 
Wire as copper is the only metal used to any extent for the 
distribution of electrical energy. It can la» shewn that the 
resistance of any conductor of circular cross-section may be 
computed from the formula: 

(40) R « 7 ' f * 1 (ohms) 

Wherein: R - the resistance of the conductor, in ohms. 
p = the resistivity, in ohms per circular mil-foot, of the metal 
composing the conductor. I the length of the conductor, 
in feet, d = tho diameter of the conductor in (Midi in. 

166. In Practical Wiring Calculations the Resistance of a 
Circular Mil-foot of Copper May Be Taken as 11 Ohms* and 
since d % «= tho diameter of the conductor, in (MMII in, squared, 
that is d % « the sectional area in circular mils, the above 
formula (40) becomes: 


(41) 

Ji m ^ ^ ^ 

dr . mils 

(ohms) 

(42) 

, dr. mils X H 

n 

(feet) 

(43) 

n x l 

cir. mm «* ^ 

(circular mils) 


Wherein: All of the symbols have the meanings Hjxtdfiod 
above. 

157. The Drop or Loss of Voltage in Any Conductor can be 
most conveniently computed by using the Ohm’s law formula, 
which has been so modified that the expression for resistance 

given in equation (41) above is used. Tim*, from Ohm's law:* 

(44) V « I X R (volts) 

Wherein: V « the drop, in volts, in a given conductor. 1 « 
the current, in amperes, in that conductor. R >■ tl«o resist¬ 
ance, in ohms, of the conductor. Since, however, formula (41) 

*8e*tb$ mihm% Mmmmm KtMermm&m* ttmmmm* 
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above also gives an expression for Ii, it can be substituted in 
formula Ml! above with thin result: 


W>) 

V - / X it 1 x 11 * ■ 

crir. mns 

(voIt.H) 

(■!«) 

/ X 11 XI 
dr. mils 

(volte) 

(47) 

* r/r. wila X F 

j ■ 11 X I 

(ampere*) 

(•IK) 

. c/r. mils X F 

11 X/ 

(feet) 

<•!»} 

f X i I X f 

nr, miw. •■•a tf 

V 

(circular mils) 


Note that the symbol l in the above equations stands for 
the double distance of the circuit. That is, the entire length 



H 


>*(* r " * "*“*“**"" 


tQ Lamp** 

*■ ' '. Ww Atmn mmCkMih 


mn 



& 


Fte. llliiplrfttiiii dmiblo ilbtAiic*©. 


of lilt! circuit, in feet, in aliowst in fig, 89- Bee the following 

example. 

KxAMn«e,—Th« drop m tfi« circuit of Fig, Si, with a current of 10 
amp, flowing in tlni circuit, which m 200 ft. long and of No, 10 wire 
I urea m 1 *4r, nnh % mm Tabla t §4) will be, uttlMltuting in formula (40): 


V 


I / II X I 

dr, mil# 


10 X II X 220 


*• 2.1 Volin, 


That k t lliii total drop in tit# circuit of Fig. If, with a current of It) amp. 
flowing, m 2,1 volt*. 


168 . To Compute the foliage Drop Ia a Lighting or Power 

Circuit, a modified form of equation ( 48 ) it moat convenient. 
Since, in mittiat ingteJtationi, the two aide witm of any circuit 
follow about the mxm course mi arc each of about th# same 
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length, it is desirable to use the single distance (sc 
designated by the symbol h rather than the doubh 
designated by the symbol l. Now ,! (as is obvious 
89 and 90) equals 2 X A. Therefore, substituting 
1 in equation (46) we have: 


(50) 


y .. / X 11X2 y L 
cir. ?nilx 


However, since the values of “11” and “2" won 
appear in the formula it is convenient to multiply 
gether once for all and then to use the value of 






tO Amp, *> 

■ 4 -■ Iff Arm m fO W'm. Arm ^_ 


F Uh 90 . —Illiiftlriitiiia »ft|fl« 


formula instead of “ 11 X 2,” lienee, from (50), tl 
formula now boeomes: 


(51) 


/ X 22 X L 
cir. miii. 


(52) 


V X cir. mik 
“ 22 X L 


(53) 


cir. mik. X V 

. .“22 X 1 . 


(64) dr. mik « ^ * y * ^ (eirc 

Wherein: V « tho drop or loss of potential, in vd 
circuit under consideration. I •» tho current, in 
in the circuit under consideration, h <** the single 
Fig. 90, of the circuit under consideration. Cir. m 
area of the conductor of the circuit, in circular mite, 
in Table 154. 


Exampi^.—W hst k the volume drop in the circuit of Fi( 
current, f, is 10 amp.; tits single distance, L, is 10(1 ft. and tb 
is of No. 10 win. Now, a No. 10 win baa, from Table 154 
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10,380 cir. mils. Solution. —Substituting in formula (51): V = 
(1 X 22 X L) -r- cir. miZs = (10 X 22 X 100) 10,380 = (22,000 - 

10,380) = 2.1 volts. Therefore, the drop in the circuit of Tig. 90 is 
2.1 volts. Observe that this is the same result that was obtained with 
the other form (46) of the formula in the example given in connection 
with Fig. 89. Both examples, obviously, show solutions of the same 
problem but in the first the double distance l was used and in the sec¬ 
ond the single distance L. Other examples are given in the following 
paragraphs. 



Fig. 91.—Finding size of wire. 

169. To Find the Size Wire for a Circuit When the Current, 
Length of Circuit and Allowable Drop are Known (this relates 
specifically to direct current two-wire circuits) it is, obviously, 
merely necessary to substitute the known values in equation 
(54) given above. 

Example. —What size wire (Fig. 91) could be used for a feeder to carry 
a current of 50 amp. from the main switch to a distribution center 200 



ft. distant measured along the circuit. The allowable drop is 2 volts. 
Solution. —Substitute in equation (54) thus: Cir . mils * (22 X I X L) 
-r F = (22 X 50 X 200) 2 * (220,000 + 2) = 110,000 dr. mils. 

Now, referring to Table 154; the next standard size wire larger than 
110,000 cir. mils is No. 00 (which has an area of 133,100 cir. mils). 
Hence, No. 00 wire should be used. 

160. To Find the Current in a Circuit That Will Cause a 
Given Drop in a Given Wire of Known Length (this relates 
specifically to direct-current two-wire circuits) formula (62) 
may be utilized as shown in the following example. 
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Example.— What is the greatest current that can I*, carrier! by tlm 
circuit of Fig. 92, which extends from a main, A, to a panel box, II, Hit 
ft. distant, with an allowable drop of 2 volts? The wire is N’o. 10 which 
has (see Table 154) an area of 10,380 cir. mils. Kui.mio.v. Substitute 
in formula (52) above thus: / = ( cir.mil* X D 4- (22 X /<) (10,3*0 

X 2) 4- (22 X 80) = (20,700 1,700) = 11.K amp. Therefor.-, no cur¬ 

rent greater than 11.8 amp. could be carried by the No. 10 wire circuit 
of Fig. 92 without causing a drop greater than 2 volts. 

161. To Find the Length Circuit That Will Carry a Known 
Current Over a Conductor of Known Size With a Given Drop 
(this relates specifically to direct-current two-wire circuits) 



t \J 

Ym. il.'S, -Arrar»f|iifi$s circuit lo ftavi* a #iv**n dmp. 


equation (S3) may be utilised m s!lown In the fallowing 

example. 

Exampuk.—H omo No, 8 copiwr win* having ffniiii Table 151) mi 
of 10,1)10 cir. irisls. m available, II m dmimi Unit jmi mmn^h of il ki 
used that the drop In it shall ho 3 volt* when a mmmii of 3(1 amp* m 
forced through it. The wlr m arc to la? arranged Imlmmu a awifrh ami a 
group of lamps m shown in Fig, 03, How many feet of nrtwit must \m 
inserted between the switch, H f and flui ki«p, M HowrttoM Huh* 
etitute in formula (53) time: h idr, mth X V) i fJ2 X f) • 110*511) 
X 3) + (22 X 30) « (40,530 * U00) «* U fL Tbit length of 

the circuit, single distance, would bo 75 ft. but the length of m\m 
double distance, would be 150 ft. 

102. The Formuia for Figuring the Power Um la Any 

Conductor, Either Altern&iag-ciirrtiit or 
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rnuy easily bo derived from what hits precede* 1. It can bo 
shown:* 

(55) P = P X It (watts) 

Now, from equation (41): It -- (II X l) <- cir. mih. Then 
substituting thiu v:due for It in formula (55) the result, is: 

(5(i) P = P X !‘ X .! (watts) 

cir. Train 


Wherein.—-P « the power lost in the conductor, in watts. 
/ =■ the current, in lunixsres in the conductor. I the length 
(double distance) of the conductor, in feet. Cir. mils « the 
area of the conductor, in circular mils. 

163. The Formula for Computing the Power Loss in Any 
Direct-current Two-wire Circuit (tho formula also applies for 
a single-phase alternating-current circuit) follows from equa¬ 
tion (55) above and tho fact that (see Figs. 80 and 90) double 
distance equals twice single distance. Thus: 


(57) 

hence, 

m 

(59) 

( 00 ) 


P X 2 X 11 X L 22 X P X // 


4 


cir. mil* 
/ *, 

Ij — 
cir, mih « 


cir. mil* 


P X dr. mil* 
22 X L 

dr. milt X P 

22 X l a 

22 X P XL 
P . 


(watts) 

(amperes) 
(feet) 
(circular mils) 


Wherein. —AH of the symbols have the meanings hereinbefore 
specified except that P « the power expended in the circuit 
in watts and L « the single distances of the circuit, in feet. 

164. The Determination of the Loads That Will be Carried 
by the Conductors is the first operation that should l»e per¬ 
formed in making wiring calculations for any wiring installa¬ 
tion, large or small. Where an installation of any consequence 
is to bo figured, blue prints are furnished and on these tho loads, 
in amperes, that will be imposed on the different conductors 

• Sms tit Pmmmmm Wumvmnr* 
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can be indicated in pencil. If no plans are furnished it will 
usually be found profitable, even if the installation is small and 
simple, to make a pencil sketch of the wiring layout and note 
on it the load, in amperes, that the conductors most curry. 
It is usually most convenient to reduce the loads from horse¬ 
power, watts, etc., into corresponding ampere values. 

Note.— Whore the loads are thus reduced to amperes, the equivalent 
values are available for substitution in the formulas for computing mins 
sizes. Furthermore, it is necessary, in nearly every we, to know the 
current each conductor will carry, so that one can he certain that flic 
conductor is sufficiently large to safely carry it. The current# taken by 
arc and incandescent lamps and motors of the different typra and mpm i~ 
ties will be found in tables given In the author’s Amkiucmn Elect inn a ns* 
Handbook. 

166. In Noting the Ampere Loads on a Wiring Plan, com¬ 
mence with the branches and if the receivers cm the branches 
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he the actual length if the load is concentrated at the end or 
it will he tiici distance to the “center of gravity 11 * if the load 

is distributed. When found, this distance is used an the, 
length of the circuit and is substituted for the hitter L in the 
formula. 

168 . la Measuring Plans a convenient scale can be made by 

dividing, with pencil lines, a strip of drawing paper, possibly 
30 in. long, into “feet” divisions, to the same scale as that of 
the drawing under consideration. The number of feet repre¬ 
sented by each mark is indicated by the numeral opposite the 
mark. In use, the Cl mark at one end of the scale is placed 
opposite the starting point of the circuit and the paper strip 
is laid along the circuit. The length of the circuit, unless it 
is too long, is then read directly from the strip. Such paper 
strips are very convenient, becnime they are cheap, light and 
easily handled and they can be bent to follow contours of cir¬ 
cuits having irregular courses* 

* Hm ttw Ammt^hn timmutmhm* IIaiwimmiil, under the liwllug 

*'\4mA Omu*S* 
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CALCULATION AND DESIGN OF DIRECT- 
CURRENT CIRCUITS 

169. Direct-current Circuit Conductors are ni<wt con¬ 
veniently calculated from formula (54). The example* given 
under the following paragraph illuHtraic the application of thin 

equation. . 

170. The Calculation of a Direct-current Two-wire Current 
can be beat explained by the consideration of numerical 



Fw. 94.—Wire »!*#» f**r mi 

examples. One problem showing how tti© wire efao for a 
feeder may be calculated was given in connection with Hi* ft* 

What «i»# wire should lie used for a branch el»ult in whfch 

the allowable drop m I volt; the eurrent k 111 amp# astd the (tiataftee twra 

the atari of the circuit to the load renter Is 60 ftf 

tote in formula (14) tb m* Cir* mite « (SB X f X L) * V «* (23 X II 

m 
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X GO) -7- 1 = (13,200 cir. mils. Now refer to Table 154: a 13,200-cir. 
mil conductor is larger than a No. 10 wire and smaller than a No. 8. 
As a rule, the next larger size should be selected; therefore, No. 8 wire 
(which with rubber insulation will safely carry 35 amp.) will be used. 

Example. —In Fig. 94 is shown a diagram of a distribution installation. 
The wire sizes for each circuit will be computed below. The length of 
each circuit, or the distance to its load center, is indicated above the 
circuit and the allowable drop in volts in each circuit is shown with the 
length. The total drop allowed from the entrance switch, S , to the last 
lamp on any circuit is 4 volts. However, the total drop allowed to the 
motor, M, is 5 volts. The current, in amperes, taken by each receiver 
(consuming device) is indicated opposite the receiver and the total 
ampere load of each circuit is indicated at the starting point of the 
circuit within a circle. Each circuit is designated by a letter or group of 
letters. Each component will be considered separately. Solution. —It 
will be assumed that all of the conductors will have rubber insulation; 
therefore, their current-carrying capacities will be determined by the 
values given in column A of Table 154. 

Branch AB i. 

Load 4 amp.; distance, 20 ft.; drop, 1 volt. Substitute in formula 
(54): Cir. mils = (22 X / X L) -s- V = (22 X 4 X 20) -s- 1 = 1,760 cir. 
mils. 

Now referring to Table 154, the standard size wire next larger than 
1,760 cir. mils is No. 16, which has an area of 2,583 cir. mils. This 
size wire would be satisfactory were it not for the fact that the National 
Electrical Code prohibits the use of any wire smaller than No. 14. Hence, 
No. 14 must be used in this case. (In outdoor service no copper wire 
smaller than No. 8 or No. 6 has sufficient mechanical strength to give 
satisfactory service.) No. 14 rubber insulated wire has a safe current- 
carrying capacity of 15 amp. hence, is amply large to carry the 4 amp. 
load in circuit AB%. 

Branch AB* 

Load, 6 amp.; distance, 40 ft.; drop, 1 volt. Substitute in formula 
(54): Cir. mils = (22 X I X L) V - (22 X 6 X 40) -*■ 1 = 5,280 cir. 
mils . Referring to Table 154, the next larger size wire is No. 12 which 
has an area of 6,530 cir. mils and since it has a current-carrying capacity 
of 20 amp. will readily carry the 6 amp. of circuit AB%. Therefore, No. 
12 is satisfactory and should be used. 

Sub-Feeder AB. 

Load, 10 amp.; distance, 30 ft.; drop, 1 volt. Substitute in formula 
(54): Cir . mils * (22 X I X L) + V - (22 X 10 X 30) -s-1 * 6,600 
cir. mils. Use No. 10 wire, which has an area of 10,380 cir. mils and 
which will safely carry 24 amp. 

Bbanch A A* 

Load, 52 amp. (see Table in American Electricians' Handbook 
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for currents taken by motors of different horse-power voltage); distance, 
30 ft.; allowable drop, 2 volts. Substitute in the formula (54): i'ir. 
mils = (22 X I X L) + V = (22 X 52 X 30) -s- 2 = (34,320 + 2) * 
17,160 cir. mils. Referring to Table 154, No. 6 wire, which has an area of 
26,250 cir. mils, is the next largest size. This wire would carry the 
current of the motor with much less than 2 volts drop. However, since 
it is specified in the National Electrical Code that branch circuits to motors 
must be capable of safely carrying a current at least 25 per cent, greater 
than the normal full-load current of the motor, a wire must he selected 
that will safely carry: 52 X 1.52 = 65 amp. Therefore, No. 4 wire 
mus<5 be used for this branch, which will safely carry 70 amp. 

Branch A A 2 . 

Load, 5 amp.; distance, 20 ft.; drop, 1 volt. Substitute in the formula 
(54): Cir. mils = (22 X I X L) -s- V - (22 X 5 X 20) + 1 - 2,200 «>. 
mils. In Table 154 it is shown that the area of a No. 16 wire is 2,583 
cir. mils so this size would be satisfactory insofar as drop in voltage is 
concerned. However, as above outlined, wires smaller than No. 14 
'are not permitted in ordinary wiring. Hence, No. 14 must be used. 
No. 14 will safely carry 15 amp., hence is amply safe for the 5 amp. load 
of branch A At. 

Branch A A 3 . 

Load, 5 amp.; distance, 50 ft.; drop, 1 volt. Substitute in the formula 
(54): Cir. mils - (22 X I X L) V ~ (22 X 5 X 60) + 1 - 5,500 dr. 
mils. Again referring to Table 154, a No. 12 wire, which is plenty large 
enough to carry the current, should be used. 

Branch AA 4 . 

Load, 3 amp.; distance, 40 ft.; drop, 1 volt. Substitute in formula 
(54): (Cir. mils) - (22 X I X L) + V « (22 X 3 X 40) + 1 *■ 2,040 
dr. mils. By consulting Table 154 it is found that a No. 14 wire should 
be used. 

Sub-Feeder AA. 

Load, 65 amp.; distance, 20 ft.; drop, 1 volt. Substitute in formula 
(54): Cir. mils - (22 X J X L) -§- V « (22 X 65 X 20) + 1 « 28,000 
dr. mils. Now, referring to Table 154, No. 5 wire, which hat an area «#f 
33,100 cir. mils, would satisfy the conditions as to drop. However, 
on sub-feeder AA, is, as indicated in Fig. 04, 05 amp. Therefore, it 
would be necessary to use ar No. 4 conductor which has a safe current- 
carrying capacity (Table 154) of 70 amp. Furthermore, it should lm 
noted that it was necessary to use No. 4 wire for branch AAu Therefore, 
a wire at least as large as No. 4 wire will probably be required for tub- 
feeder AA. In some localities the inspector might require the insulin- 
tion of No. 3 for sub-feeder AA. 

Feeder A. 

Load, 75 amp.; distance, SO ft.; drop, 2 volte. Substitute In formula 
(54): Cir. mils ■* (22 X I X L) «§■ V - (22 X 75 X 80) + 2 - MflOO 
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mil**- By referring to Tabic 151 it m evident that a No. 2 wire, which 
3 o.as an urea of 00,570 Hr, mite, may, .since it will safely carry 90 amp. 
(fell© load m but 75 amp.) ln\ used. 

Kxampll. -What size win; should be used for the line shown in Fig. 
which BupplieH a 40-h.p,, 220-volt motor? The normal current of this 
xnotor, m obtained from a table of motor currents, is 150 amp. All of 
~bfae wiring is assumed to he supported on a pole line or exposed. Hence, 
-weather-proof insulated copper wire u ill he used on the pole line and slow- 
burning insulated wire within the buildings. Solution.-- Load, 150 
£LXtip*t distance, 500 ft ; allow aide drop - 0iH4 X 220 » 10 volts, ap¬ 
proximately. Sulwfitute in formula 54: Cir. mils - (22 X I X L) V 
** (22 X 150 X 500) * 10 * 1,050,000 * 10 « 105,000 cir. mils. Re¬ 
ferring to Table 154 3 the nextdnrgest Htandard mm wires is No. 000, which 
lias an area of 107,000 Hr. mils and will safely carry 272 amp. with either 
slow-burning or weather-proof insulation. Hence, No. 000 is the wire 
eize that should lie used. 



lie, 05, Sim* wire f**r meter line. 


171* The Calculations for Direct-current Three-wire Cir- 
emits uni made in Msrmimlly tlici wime manner as are those for 
<lirocl-current two-wire clrtmtift. With the H balanced ” three- 
wire circuit* no current flows in the neutral wire. In practice 
circuits should 1 m very nearly balanced anti in making wiring 
calcuititiotiH it in tiMUilly immmmd that they are balanced 
tixiIohh ilictre h obviously a great unbalance. 

172. The Process in Determining Conductor Sizes for 
Three-wire Circuits k about m follows; The first step is to 
ascertain the current which will flow in Urn outside wires. 
This vidua is obtained in practice by adding together th© cur- 
3ronts taken by all of I be receivers which are connected be¬ 
tween the neutral and the outside wires and divide th© sum 
by 2 $ m indicated in Fig. tMh Then, to this value are added 
Ihe currents taken by the receivem, if there am any, which are 
connected mmm the outside wires. The sum of these values 
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is then taken as the total current. The computation is then 
made by the same method as for any two-wire circuit. The 
neutral wire is ordinarily disregarded in the calculation be¬ 
cause it is usually assumed that it carries no current. The 
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the two sides of the circuit, it would be assumed in practical wiring cal¬ 
culations that it is balanced. Actually, with the loads as shown in 
Fig. 97, 11 amp. would flow in the upper outside wire, AB, 9 amp. in 
the lower outside wire, EF and 2 amp. in the neutral, CD. In practice, 
it would be assumed that one-half of the total load (between neutral and 
outside wires), or (5+6 + 4-{-5)*2 = 10 amp., would flow in 
each outside wire. Hence: load, 10 amp.; distance, 50 ft.; drop, 4 volts. 
Substitute in formula (54): Cir. mils = (22 X I X L) * V = (22 X 10 
X 50) v 4 = 2,750 cir. mils . From Table 154 it is evident that the 
next larger size than one having 2,750 cir. mils area is a No. 14 which has 
an area of 4,107 cir. mils and which will safely carry 12 amp. Hence, 
No. 14 is the wire to use. 

173. The Actual Voltage Drop in an Unbalanced Three- 
wire Circuit may be calculated by using the formula (46). 
The operation will be illustrated with an example. 

Example. —Consider a circuit loaded as shown in Fig. 98. The circuit 
.is 373 ft. long, each of the conductors is of No. 14 wire (area, 4,107 cir. 
mils) and the load is unbalanced, the receivers on one side of the circuit 
taking 10 amp. while those on the other side take only 1 amp. What is 
the voltage drop in the conductors and what is the voltage at the re¬ 
ceivers? Solution. —The current in each wire is, obviously, that in¬ 
dicated in Fig. 98. To find the drop in volts in each wire, substitute in 
formula (46) thus: 



Fig. 98.—Drop in unbalanced three-wire circuit. 

For wire AAi. 

V - (11 X I X l) + cir. mils * (11 X 10 X 373) * 4,107 « 10 twite. 

For wire BB\. 

7 - (11 XI XI) + cir. mils - (11 X 9 X 373) *4,107 » 9 twite. 

For wire CC i. 

7 — (llX/Xi)* cir. mils ® (11 X 1 X 373) * 4,107 = 1 volt. 

The voltage across the two outside wires A\C\ at the end of the circuit 
is obtained by subtracting the sum of the drops in the two outside wires 
from the impressed voltage, thus: 200 — (10 + 1) = 200 — 11 » 189 
volts. Therefore, 189 volts is the pressure across the two outside wires 
at the end of the circuit. The voltage at the end of the circuit between 
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the neutral and the upper outside wire is (see Fig. 98) 81 volts and the 
pressure between, the neutral and the lower outside wire is 108 volts. 
The method of obtaining these voltages will be made clear by a considera¬ 
tion of Fig. 99 which illustrates the same general problem as Fig. 98 and 
which is further discussed in a following article. 

174. To Insure That Three-wire Circuits Will Be Balanced 
as Nearly as Is Feasible, the lamps and other devices served 
by the circuit should be divided between the two sides of the 
system so that the load on the two side circuits will be equal, 
for full capacity or for any fraction thereof. For this reason, 


I 0htn\, !0 Amp,—> .^ . 



7 akl«i IZn P Circuit Digram 

T * kes 1 Am ?' I-Circuit Unbalanced 



Circuit Diagram Voltage Drop Diagram 

I-Circuit Balanced 

Fig. 99.—Effect of unbalance on a three-wire circuit. 

three wires should be carried to any location where a con¬ 
siderable amount of energy is required. Three wires should 
be carried to every building in the case of an outdoor dis¬ 
tribution and to every distribution center in the case of 
distribution between buildings. In case many lamps are to 
be lighted at the same time they should, preferably, be 
controlled by three-way switches. 

Note. —Although every precaution may be taken to insure equal 
loading on the two aide circuits, it is possible that the balance cannot 
be maintained in practice. For example, it may occur that a great many 
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lamps are lighted, on one side circuit of a three-wire system and very few 
on the other side. In the event of such a contingency the drop in voltage 
would be about twice its normal value on the side circuit having the 
larger number of lamps connected to it and the voltage across the lamps 
feeding from that side circuit would be correspondingly decreased. 
Simultaneously, the voltage across the lamps on the other side circuit 
might be raised. See Fig. 99, which shows an exaggerated example. 
The probability of a condition such as that outlined in Fig. 99,11 is, par¬ 
ticularly in large systems, remote. 

175. It is Not Sufficient in a Three-wire System to Have 
Equal Numbers of Lamps on the Two Sides.—They should 
also be distributed in approximately the same manner. What 



Fig. 100.—Effect of nonuniformly-distributed load. 


may occur if the distribution of the lamps is not systematical 
is indicated in the following example. 

Example. —With a group of lamps requiring 100 amp. (Fig. 100) 
connected between the + and the — wire at one point, AB f and an equal 
connection between the neutral and the — wire, at the location CD 
some distance away, there would be a current of 100 amp. flowing 
in the neutral wire between point B and C. This heavy current in the 
neutral would involve considerable extra drop although the system 
would at the generating station appear to be operating in perfect balance. 
In practice, this local unbalancing of the three-wire system is one of the 
chief causes of variation of voltage. Hence, the possibility of its occurring 
should be minimized by intelligently distributing this load on both the 
side circuits of the system. It is because of this possibility that it is 
desirable to carry the three wires to every location where considerable 
amount of energy is required. 









SECTION 0 


CALCULATION AND DESIGN OP ALTERNATING- 
CURRENT CIRCUITS 

176. There Are Certain Factors Which Affect the Com¬ 
putation of Alternating-current Circuits which art* not en¬ 
countered with direct-current circuits. The phenomena to 
which these effects are due are (among others;: (1; j>mv«*r 
factor, (2) inductance, (3) permittance or capacitance, and 
(4) skin effect.’" Where tho circuits are not of great length 
it is not necessary to consider these effects. But, where the 
circuits are long they may he of considerable consequence. 
Permittance need seldom ho considered except with rather- 
high-voltage circuits. Hence, these permittance effects are 
not treated. The method for designing—'that is, for computing 
the wire sizes for alternating-current circuits of different char¬ 
acteristics—will 1)0 outlined in following articles. 

177. Power Factors of the Apparatus or Equipment which 
the circuit serves must often he known Itefore the circuit can 
be effectively designed. If the exact itower factor is not known 
or cannot be obtained from the manufacturer of the apparatus 
in question, approximate values! can to imed. Tho (tower 
factor of the load, if it he other than 100 (tor cent, may affect 
the voltage drop in tho line considerably. This fact m brought 
out in a number of tho examples which follow. 

Note.—F or ordinary wiring calculation* where iwmt definite data 
are lacking it can be assumed that the power factor of loads will 1«: about 
as follows: Incandescent lighting only, from IfXJ per cent, down to US 
per cent.; incandescent .lighting and motors, HJ> per cent.; motors only, 
80 per cent. 

178. The Effect of Line Reactance must also to given con¬ 
sideration. Practically all alternating-current circuits have 

“Thane phmmmtfm &m dkQtmmtt mai *ipfel«i»l lit ttmtn in tfc«? 

Wmemeu* 

f 8tt tfa* author** AuwmAm &iofwciA»** Mmimmm for » emni&vtemmw# fm# of 

operating pmruf fMor of different M«f» of kppemtm 

i#§ 
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some reactance due to electromagnetic inductance* (see Tables 
190A and 1901? for reactance-drop values). The effect of 
line reactance is to cause a drop in voltage somewhat similar 
to that caused by resistance. Where all of the wires of a cir¬ 
cuit, two wires for a single-phase and three wires for a three- 
phase circuit, are carried in the same conduit or where the wires 
are separated less than an inch between centers, the effect of 
inductive reactance can ordinarily be neglected. Where the 
circuit conductors are larger than say No. 2 wire and separated 
from one another by more than a few inches, the effect of in¬ 
ductive reactance in the line circuit may increase the voltage 
drop considerably over that drop which is due to resistance 
alone. In designing circuits, every circuit which is long or the 
conductors of which are of large cross-sections or widely sepa¬ 
rated should be investigated for line reactance drop by utiliz¬ 
ing the methods outlined in Art. 190. 

179. The Line Reactance of Aerial Circuits on Pole Lines 
where the wires are widely separated, is apt to be relatively 
large. Line reactance increases as the size of the wire increases 
and as the distance between wires increases. These state¬ 
ments may be verified by referring to the values in Tables 
190A and 1901?. 

180. Line or Circuit Reactance May Be Reduced in Two 
Ways. —One of these is to diminish the distance between wires. 
The extent to which the reactance may be diminished by this 
method is limited, in the case of the pole line, to the least 
separation permissible between conductors, due consideration 
being given to the separation required for insulation and to 
the separation necessary to prevent the wires from swinging 
together in the middle of a span. In inside wiring knob-and- 
cleat work, the minimum separation between eonductors is 
limited to the minimum spacing specified by the National 
Electrical Code, f Where the conductors are in conduit they 
then lie so close together that the factor of inductive reactance 
with them is ordinarily negligible. 

The other way of reducing line reactance is to divide the 

* See the author’s Practical Electricity for a discussion of electromagnetic in¬ 
ductance and reactance. 

t See the author's Wiring foe Light and Power. 
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copper into a greater number of cireuitH ami to arrange these 
circuits so that there is no inductive interaction. Thus, in 
Fig. 101 the circuit of // will have less inductive reactance 
than the circuit of T, although it has the same total circular 
mils area, because it is subdivides!. How and why .subdivision 






Fits. U)l. -Showing how a t*on<l5ir*t*»r may hr m!«liylil#ul. 


decreases the reactance of a circuit, will Ins evident from a con¬ 
sideration of some of the numerical examples which follow. 

Noth. —Voltage drop in lines, due to inductive reactance, in heat 
diminished* by subdividing the copper or by bringing the conduct urn 
close together. It is little affected by changing the si ms of the conductor. 


181. The Arrangement of Conductors in Polyphase Cir¬ 
cuits t will next I,o given con- 



Pu». 102.—Arrangement of two- 
phase conductor* on crow arm*. 


federation. Tho directions for 
the calculation of polyphase 
circuit conductors which are 
given in following articles, hold 
only with certain arrangements 
of the circuit conductors. 
Thaw arrangements are, how¬ 
ever, the ones which ordinarily 
are, or which may he rent lily 
adopted. These conditions 
need not be considered where 
the circuit in question is short 
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Such an arrangement may be effected by either of the two 
methods shown respectively in Figs. 102 and 103. Fig. 102 
shows the two wires, a and a , of one circuit and the other 
two, b and b, of the other circuit at the opposite ends of the 


Insulators , 



I- Plan E-End 


Elevation 

Fig. 103.—Arrangement of two-phase conductors on crossarm. 


diagonals of a square. With such an arrangement there is no 
inductive interaction between the two circuits since none of 
the flux lines due to one of the circuits can cut the other. 
Fig. 103 shows the two circuits side by side (they may be in 

any other relative position, pro- 
vided it is preserved through- 
/ \ out) and the wires of the circuit, 

/jF ' s 1 1 b and b, interchanged or trans- 

*7"*! ; \ posed at their middle point. 

/ | I \ Such an arrangement fulfills the 

jd- —1,-t. ■■ -.requirements since all of the 

_ f t? 11111111 I linkages from a and a to b and 

& and from b and 6 to a and a 
'' W// in one-half of the transmission 

^ are exactly offset by the same 

Jh^lU number of opposite linkages in 

P ;i! I! the other half of the transmis- 


1^1 183. The Arrangement of the 

* Three Wires of a Three-phase 

r ofcond^toX to^pha?e a ^^it nt Transmission should be such 

that they are symmetrically re¬ 
lated. Figs. 104 and 105 show two methods of effecting this 
arrangement. In Fig. 104' each of the three wires is at a 
corner of an equilateral triangle. In Fig. 105 all three of the 
wires are on the same crossarm and they are twice transposed. 
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One transposition, A, is at one-third of the transmission dis¬ 
tance and the other, at two-thirds of the transmission dis¬ 
tance, In Fig. 104, since each of the wires carries I he mum 
current and because of the symmetrical arrangement of the 
conductors, the inductive interaction between any one wire 
and the remaining two is the same regardless of which wire in 
considered. With the arrangement of Fig. 105 the same con¬ 
dition holds and can be verified by tracing the positions of the 
wires throughout their lengths. 


3c 


Tmmp-n?fmn 

T~~~ 

T - ” 


-■m Af ff ► 


a r 


B 


i v 

i m 

i 


t - Pl*n 

Fki. Ulfn—• Arr? : iiigf«iiPiit «>f crmtltwmrM tm 


Noth.—T he arrangement of Fir. 1(W may Ho used whore all of She 
power is transmitted to the end of the line. Wimre all of the power in 
transmitted to the end of the line, only two transpositions, A and It, as 
shown, are necessary. But if |x*wer is tapped off at intsnmsdiate points 
and perfect neutralisation of inductive interaction is desired the wires 
should ho interchanged as shown in Fig, I OS Between hsratioiM at wliich 
“tap offs” to the lino are made. That is, there should be two transposi¬ 
tions between the generating station and the first tap off; two between 
the first and second tap off, etc. 

184. Where the Triangular Arrangement of Three-phase 
Conductors Is Employed the Wires May Be Interchanged or 
Transposed.—This is unnecessary, however, unless it is im¬ 
possible to arrange the wires in a triangle which is practically 
equilateral or unless there are two or more circuits running 
parallel to one another and it is desired to have them induc¬ 
tively independent. Where it is desired that the parallel cir¬ 
cuits be inductively independent they can be disposed m sug¬ 
gested in Kg. 108. This illustration shows a top view of the 
triangular arrangement.- The first circuit, l, run# straight 
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through. Tim norond, II f is interchanged twice. The third, 
III, in interchanged rigid times and the fourth would ho inter¬ 
changed 26 times* etc*. If if is necessary to interchange the 
first circuit because of any inequality in the nidus of the tri¬ 
angle, II must fie taken m the first circuit, III m the second, 
etc. Also II and III id Fig. 100 may he followed in trans¬ 
posing three-phase circuits, the three wires of which are on 
the same rrossarm, ns in Fig. 105. Then II is the first circuit 
and III is the second circuit mid ho oil 



Win* I Oft .-—'TmtmfMmMtm of III ms lift iisp rlmilfj. 


185. If an Electrically Symmetrical Arrangement Is Not 
Employed (that i**, unh,w outs of tho arrangements of conduc¬ 
tors dcsmlaid in tlin articles jowl preceding is not utilized) the 
uuhaluncud inductive roucfaiicn which will result will cause 
an unbalancing of lh« system. Much an unbalancing will !x> 
of little consoqucnci! in a short system but in a long trans¬ 
mission it may cause considerable annoyance. For example, 
if the four wires of a two-phase transmission or the three 
wires of a thron-pham; transmission are strung straight through 
on the same crossnrm without Imnsiiosition unbalancing of 
the system will result. 

None. • 1 he rule given in Art. IfHt for calculating a three-phase lins 
applies closely hut not saucily to Fig. 105, for the reason that the ar¬ 
rangement of Fig. 105 cannot la) exactly replaced hy two singln-phase 
cinrniU the wires of which era the same dintance apart hx the adjacent 
wires of Fig. 10ft. No two wire* in Fig. 10ft are the same dbtaiicu apart 
to 
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throughout their length. They are at one distance apart for two-flunk 

of the length and twice that distance for the re main it* & onr-thinl. Tin* 
equivalent single-phase circuit must, therefore, have between wires a 
distance intermediate between that of adjacent am! extreme w irea in 
Fig. 105. 

Example.—C onsider a three-phase line of which the adjacent wires 
are 18 in. apart. The equivalent single-phase circuits must have their 
wires apart a distance intermediate between 18 in. and M in. What 
this distance is can be determined by referring to a table of rear in new. 
Consider a No. 0 wire and a frequency of 00 cycles. In Table HHJ.l the 
constant for an 18-in. separation is 0.228* That for 8U in. m 0.250, 
Therefore, the constant of the equivalent single-phase circuit m : (0.228 4* 
0.228 + 0.259) + 3 ** 0.238, which corresponds to a sparing d tit iimv of 
about 22 in. This shows one advantage which the triangular nrrango- 
menfc has over that of Fig. 105, because for the same dintrumo between 
adjacent conductors, the reactances with the triangular arrangement 
(Fig. 104) is less than with that of Fig. 105. If an ncctiriif« minlhm m 
necessary, with an arrangement like that of Fig. 105, the average con¬ 
stant for any two wires must be taken in calculating the reactance vulfft. 

186. In Calcukting Wire Sizes for Single-phase Alternating- 
current Incandescent-lighting Interior Circuits formula 151 1 
is ordinarily used. That is, dr. mil® » (23 X / X 14 a V 
may be applied in precisely the mine way its If the rircttii w*m» 
a direct-current circuit. The result which this formula will 
give is strictly accurate (assuming 11 ohms is the mmmlmmt of 
a circular mil-foot of copper) where the load m iiciii4n<lii«tivi*. 
That is, where its power factor is 100 pir cent, find where the 
line or circuit to the load has no mmimw®. The results ob¬ 
tained by using formula are not theoretically gw it. at# for 
actual alternating-current circuits, because the effects of the 
power factor of the lamp load arid of the line reactance are 
not considered. 

Nom—Experienee has shown that the results obtained by using for¬ 
mula (54) am sufficiently accurate for practical tirtall daeign for wiring 
small and medium-ebed residences, stores, factories ami the iili\ for in- 
candescent lighting. Where the conductors are carried in conduit, tin* 
results will be quite accurate for any dm wire used m practice, tartiml* 
(54) can always be used with safety for computing branch circuits 
for interior lighting m where mdn or feeder circuits, r»*n«- 

posed of inductors of, say, ktger than No# 2 wire and separated faun 
one another aions than a few inches, art being designed* The mm 
fodhmted by the above formula should be cheeked by the theoretically 
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accurate method outlined in a following paragraph. From this it can 
be ascertained whether the voltage drop in the particular case under 
consideration will be excessive. 

Example. —Any of the examples given in the preceding articles for 
direct-current, two-wire or three-wire circuits (for incandescent lamps 
only, not for motors) may be taken as examples of single-phase alter¬ 
nating-current circuits if it be assumed that the lines have no reactance. 
As noted, this is a safe assumption for ordinary low-voltage open-wire 
or conduit interior incandescent lighting circuits. 

187. The Method of Computing the Wire Size for a Single¬ 
phase Alternating-current Circuit Where the Line Has No 
Reactance or may be assumed to have no reactance, will now 
be considered. For an approximate solution formula (54) may 
be used. This will always give a result which is on the safe 
side provided the line has practically no reactance. How- 



r'No Line Reactance 


400 Ft-i? Volts Drop 



>i 


90% Power Factor* 


Fig. 107.—Wire size for A.C. circuit (no line reactance). 


ever, in applying formula (54) for alternating-current cir¬ 
cuits, the value of I, in amperes, must be the actual current 
which flows in the alternating-current line. That is, it is the 
current stamped on the nameplate of the machine or device 
served, or this value for I may be obtained by dividing the 
actual watts taken by the voltage times the power factor or: 
I = (watts) "7~ (voltage X power factor). 


Example. —What size wire should be used for the open-wire motor 
circuit of Fig. 107? The circuit is 400 ft. long and serves a 30-h.p., 
alternating-current motor which, as rated on the nameplate, is taking 
102 amp. Since the circuit wires are very close together there is practi¬ 
cally no line reactance. The allowable drop is 12 volts. Solution.— 
Current = 102; distance -» 400 ft,; drop = 12 volts. Substitute in 
formula (54): 


dr. m%U 


22X1 XL 
1 . V 


22 X 102 X 400 

‘ ““ 12 


* 74,800 dr. mit$ 


Referring to Table 154, the next larger wire size is No. 1 which has an 
area of 83,690 cir. mils and safely carries, for exposed wire (slow-burning 
or weather-proof insulation) 160 amp. 
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in tie* linn. If may weio odd flutf flu* fatal valla drop in the lino in lean 
tliiiii flu* nmnt unco drop. Thus condition in due to rorfain properties of 
alternating fitrmnf h and fioifimitly amira. I eat end of drawing a dia¬ 
gram like find of Fig. If HI, flip problem ran also be solved by using the 
Mershott diagram, m described in following Art. HKM. 

189. Where It Is Necessary to Find fee Resistance Drop 

With a Given Conductor formula (f>l) may bo utilized m 
indicated in the following example. 

KxAMime. Whnt in the rcaint nitre drop in a circuit 400 ft. long of No. 
1 wire when if, in Parrying 102 amp.? Holotiom. Fir«fc from Table 
ItKhi if in found that the urea, in circular mils, of a No. 1 wire in HO,OIK). 
Now t§til«i it tiling tint value* in formula (51): 


22 X I X h 22 X 102 X 400 997,000 

nr. miln 82,090 “ ? HO,IKK) 


11.9 vottn. 


ISO* The Graphic Method of Computing the Wire Size 

for a Single-phase Alternating-current Circuit Where the 

Line Hat Reactance will now he explained. There i§t no direct 

method of «o!ving Much prof dorm One Horvicoablo method 
in that {which will be explained) of annumlng a certain con¬ 
ductor on tfin baud# of energy (not voltage) hmn and then 
cheeking it graphically (or with the Momlion diagram of Fig. 
I IB) to aKcorlain whether or not the voltage lorn in it in oxcoh- 
mve. If tint voltage km# m a conductor of another 

Kizii iniint bo tried or the circuit tmmi \m subdivided, m sug¬ 
gested in li prnmling Artich*, until an arrangement of con¬ 
ductors m foiitnl which will maintain the drop within the 
MjMfCihed limit. The graphic? method in hmt explained hy 
the solution of fertile exiniipliM. Figs. 110 and Ill show 
typical voltage vector diagrams for circuits, the eomjKment 
vectors being labeled on the diagrams. 

ExAitfi^, What win* ilieiiid be uttmi for the Mingle-phane circuit 
nf Fig* 112? The lead mmtetn of twelve Ittiiulrod #0*w*tt immuhmmi 
lump ofO/MIf mMM ttilml/; Hit pimm factor in 98 per cent.*, Iff# feeder m 
525 fL I«ft|f »fi#l the voltage at tin end in to be i M voltn; the conductor* 
m* supported on * jgrfr line H in. apart; allowable energy hm m 19 pir 
cent, of tl» energy tmmmilimi ami tin# voltage drop in the line imrnt not 
mtmtl 19 or 12 per mnt * CTfti* !• a much greater voltage drop titan t# 
ordiumniy allowable. It m urnd m thfo problem to exaggerate tlm vtivm 
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involved and thus bring out the facts.) Solution. —First find the cur¬ 
rent which will flow in the line, thus: 

, P 60,000 
1 V X p.f. 120 X 0.98 “ 510-2 amp • 

The allowable energy loss is 10 per cent, or 0.10 X 60,000 watts — 6,000 
watts. The size conductor that will give a loss of 6,000 watts may be 
determined from formula (60) thus: 


dr. mils = 


22 X I 2 XL 
..P 


22 X 510.2 X 510.2 X 525 

6,000 


510,000 cir.mils. 



That is, a 510,000-cir. mil conductor would maintain the energy loss 
within 10 per cent. Consider the vector diagram of Fig. 113. Find the 
lag angle <f> corresponding to a power factor of 98 per cent. This, from 
a table of cosines, is found to be 11 deg. Lay out angle equal to 11 deg., 
as indicated in Fig. 113. Now, lay off OB proportional in length to the 
pressure to be impressed on the load, 120 volts. 

Lay off BD f parallel to OA, proportional to the resistance drop in the 
line. This resistance drop equals the line resistance times the line cur¬ 
rent. From Table 190A, it is found that the resistance of 1,000 ft. of 
600,000 cir. mil circuit (2,000 ft. -of line) is 0.035 ohm. Then the resist¬ 
ance drop is calculated thus: 

;XB» M voUs _ 

That is, the resistance drop in the line of Fig. 112 is 9.4 volts. In the 
diagram of Mg. 113 BD is then laid off proportional to 9.4 volts. 
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Now lay off DC at right angles to Bl> proportional to the reactance 
drop of the line. The reactance drop equals (the line rmrtancn) x (the 
line current). From Table l!K)/t it is found that tIn? reactance drop of 
1,000 ft. of 600,000-dr. mil circuit (2,000 ft. of conductor) is, for a fre¬ 
quency of 60 cycles and a wire separation of 8 in , 0.141 (dim. The re¬ 
actance drop is now calculated thus: 




A line, OC (Fig, 113), is them drawn and if will be proportional to the 
pressure, 137.5 volts in this case, which muni he miprcwd on the end of 
the line nearest the generator (Fig. 112] to maintain the voltage at the 

load at 120 volte. 

The true volts line loss is proportional to the difference between the 
lengths OB and OC, It is obtained by striking the arcs PI 10 and FF l 
and measuring the distance 0 between them. In this example the true 


f$J * Trm Wn /«*, f 


\ 



Fm. 114.—Solution with 3Q0,CKK)»dr. mil conductor*. 

line loss is 20 volte. Tho percentage volts drop ia 20 4* 120 «® 10.0 per 
cent., which is too high to satisfy the n*|u»r*mexite of this example, 
wherein it is specified that 11 tho allowable volts#* drop in tits tin© must 
not exceed 10 or 12 per cent.” Hence, another conductor arrangement 
must be tried. 

The volts line drop to this cast I# duo mainly to reactance (Fig* 113) 
and can, therefore, b® decreased by decreasing the reactance' The re¬ 
actance could be made smaller by bringing the wires closer together but 
the example (Mg. 112) specifies that conductors are to bo S to. apart. 
The other method of decreasing the reactance drop is to subdivide the 
circuit. This will now ba tried. Two circuits of 300,000 cir. mite con¬ 
ductors to parallel will be mamAemi instsad of oat IIIMlIXICNilr.-imil cir- 












I90A. J 60 Cycles.—Table for Finding Drop in A.-C. Lines with the Mershon Diagram of Fig. 115.—*60 Cycles 
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cult. With the two 300,000-dr. mil circuits, tin? resistance drop w ill 
remain the same m before, because, although each conductor m one-half 

the size it was formerly, it carries but one-half the current that it did 
formerly. 

Lay out a diagram like that of Fig. 114. The angle 4> will again be 11 

deg. and the lines OB and BD, representing, respectively, the voltage 
impressed on the load and tlv> resistance drop in the line, will he propor¬ 
tional to 120 and to 9.4 volts m before. 

To lay out 67), which is proportional in Icing!Ii to the reactance drop 
in the line, refer to Table 1CMM and note that the reactance of 2,000 ft. 
of 300,000 cir. mil conductor (1,000 ft. of circuit) in, for an H-in, separa¬ 
tion and a frequency of 00 cycles, 0.100 ohm. Then the reactance 
drop will bo (the current is now one-half of the former current or 510.2 
2 « 255.1 amp.): 

0.100 x 525 

I X X «= (255.1 amp.) X * j 21.4 mdtn . 

DC (Fig. 114) is, then, laid off pnqmrt inmil in length to 21.4 volts. 
The line OC m now drawn and it m found that it Bmlm 12 1 volts. Tho 
true volts drop in tho lines, (/, m found to measure 12.5 volts. The per¬ 
centage drop i§, therefore, now 13.5 * f r 120 "■ 11.3 |rr runt* f fence, the 
arrangement obtained by subdividing the circuit into two • f KX) t OOO-cir. 
mil circuits in parallel meets the requirements of tho exniitfilt*, 

191, The Determination With a Mershoa Diagram of the 
Wire Size for a Single-phase Alternating-currtmt Circuit 
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writ f Jim it difft*ri*nt mm, roudurtor or a different arrangement of conduc- 
um must be used. 

Kx AMfU, W Imt mm wire should be used for the feeder circuit of 
Fig. 11*»? 1 h* s roimiiitii of 2-1 kw. (21,000 watts) of mercury vapor 

lumps. The circuit ii 100 ft. long. The pressure at the receiver end 
should he 210 volts. The wires arc* carried in conduit. The power fac¬ 
tor of the fuercury vapor lamp load ii OH per cent. The frequency is 
<Ml eyries. The energy h«w should not exceed 2 per cent. The true volt 
line drop should not mmmtl 2 per cent, of the receiver voltage. Solution. 
- The allowable energy loss ** 0,02 )f 24,000 % 480 watts. Allowable 
volts drop 01)2 X 240 *» 4.8 mils, rr 



. 

Distribution Bmi .. 

Imtfb ?4 Kw, 

(Pomr factor b %% 



• 


LJ 


- #> A m 

1 i 4 «, ft . ,1 4 f'pr * iS | 


C< fhtult 


AhtruM be 
Z*W Vofh Herts 


¥m. 1!II,—Pelft?rtiifiiiliun of mm of wire for an alter nati ng-current circuit 

in conduit. 


f#.t?ir ewrmi 


P 24,000 100 

m E X p.f. m 240 X 051 * 0.98 

I'ii rorngntfe the mm eoinliictor that will give a 480-watt energy loss 
formula Hdlj in tm*d, 

J» X 22 X t> 102 X 102 X 22 X 100 

i* “ 4H0 


r-fr* rmh 


102 amp . 


47,700 dr. mils. 


Now ?4 47 t 70O«rir. mil conductor (Table 1904) most nearly corresponds 
fit a Xm A mm which Irta an actual area of 52,630 eir. mils and, with 
riibbci (which must be used in conduit wiring) will safely 

vnrry #l» fillip. However, the load in this problem Is 102 amp., so No. 3 
ran not tut m*ed. No, I wire, which (Table 1904) safely carries 100 amp* 
amt which would he safe for the 102 amp. of this problem, will be cheeked 
fur trm volte drop by mm% the Morshor* diagram. To use the diagram 
it »« filial wmwuiry to hud the resistance drop and the reactance drop. 
From TftWif !!*04, the mdntmm of 1,000 ft. of No. 1 two-wire circuit 
l%tm ft of wind in 0,248 ohms. Then the resistance drop, which equals 
current limit iplfetl by f«l»tartee, of the 100 ft. of circuit of this problem 


kt 


I X K * (102) X 


0 24ft X KM 
1,<JU0 


»2.5 tuft*. 


Then the fwmmium voltage drop is: 2.5 4* 240 - 1.04 per cent. 
Ate from Table 1994, iitt mmtmm of 1,000 ft. of No. 1 wire circuit for 
111 cycles and m mpm^lkm b#w«ta conductors (No. 1 conductors 
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in conduit are about }4 in* between centers) is 0.02B ohm. liseii 1 be 
reactance drop, which equals current times reactance. i« t for 100 circuit ft.; 


1XX 


(102) X 


0.02H X 100 

1,000 


0.2Bf> rdl;i. 


The percentage drop is: 0.281* 240 *» 0.00110 - 0.12 p r mil. 

Now refer to the Merahon diagram of Fig. IIS and lay off the percent age 
resistance and reactance drops above found as suggested in Jig. 117. 



Fin. 117. —Showing the appH«*nti«m of flit* Mmlifii thaartit 

of Art. lilh 


I# I lift |#fr>|il»t« 


Find the vertical lint In tit© diagram c<irr«pnttliig to flitt ftowisr factor—* 
98 per cant. In tills examplo—ef the load and follow % AB t upward 

until it intersects the smallest circle marked 0* fto§»» tbia point mi 
intemaction lay off to the right tiorixontafiy ll« p^rmtifog#? mmtmmt 
drop, that 1% 1.04 (about 1 horixontal division in length) and tmm till* 
last point lay off vertically ugiwftid flw p*rruit»gii rwitnie® drop, ft if# 
(about of I vertical division). Till# last ftcdttl Im just tnidfto nf the 
I par cent. circle so th# tru® volts lew with a No. 1 wire would tut about 
I per cent, That is, th# drop would be 0.01 X 840 sate ** %A 








&V.r. 1*1 


ALTERS A TING-CURRENT CIRCUITS 


159 


The voltage? impressed on the end of the circuit nearest the generator 
would have to be: 210 d* 2.4 ^ 242,4 mils. The true line drop, 2,4 
volts, hi well within the 4.K-volt limit specified in the example and the 
energy lews will be lean Ilian 2 per cent, because it was necessary to use 

Xo, 1 wire to carry tlift current. 

Ex am rut;. What size rubber-insulation wire should bo used for the 
circuit, (Fig. 1 IX) to the 50-h.p., 60-eyck, single-phase induction motor 
there illustrated? The efficiency of the motor is 90 per cent. Its power 

factor in Ho per cent. The conductors are to be exposed and 4 in. apart. 
A 4 per cent, energy loss is allowable and the true volts line drop must 
not exceed f) or 7 |M»r cent. Holution.—F irst find the load in apparent 
watts: 

4 , „ 6.p. X 74H no X 749 , _ 

Appurmt watt a ^ ^ p j pp x t) **’ 48,758 apparent walls. 


Itim current 


np/mn nt imiln 

E 


4H.7 m 
2 if) 


209 amp. 


(Ft a 1 

SrH 


ffW'V 

tt 


Whe, rn *•> h’, -m I'd r»mfr 

I If' 1st' thn M.-tfv 


“4-4- ■" 

4 t * t®n 


kbfl..r fffk Wi# tf h %%; L 

Vintr Ur h 



feS 7 


Flo. 1 18.—Another example In computing •!*© of an alternating-current 
circuit conductor. 


(Immlly in solving practical motor-dreuit examples the current can 
be rend directly from tables.) 

Actual i* nitx "• apftnr<td walla X pj. 48,758 X 0.86 ** 41,500 watts. 
Allowable energy turn k 4 per muL « Dill X 41,500 1,060 waU$, 

The dm conductor flat will give n l,fl60-wa^t line km with a line cur* 
rent of 195 map* k found thim: 

I s / 22 X h 200 X 200 X 600 X 22 

p ,f “ 1,000 


Cir, mdn 


- 528,000,000 - 
#118,000 dr * mill. 

Try h SMt/iflbetf, mil conductor which safely carries 276 amp. Find 

the resistance and find Alien clr«|« in the line in the same way m In the 

preceding mmtph, taking vnkrn for mmtmm and wactAfici of t\m 
1040OCk?ir. mil cable from Table I §04. 

- „ 0,076 X 600 £%. i, 

I / It *- (20fl) X ‘i'"'60O*^ — 

Then if*# p#f«a»f^ imbtjunai drop * 9,0 + 240 *» *1.76 par, mnt* 


/ x Jr ** (2oo) x 


0414 xm 
l AW) j ; 


141 volt*. 
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Then tho percentage reactance drop - 10.1 + 210 - 0.7 /»r mil. 
Now lay off this percentage resistance and reactance drop on the Mer- 
shon diagram of Fig. 1 lf> (as shown in the enlarged view of Fig. 119; at. 
the point, P, corresponding to 85 per cent, power factor, in tin: same ninn- 



Fm. 119. —Mention diagram solution of the problem of Mg. 115. 

ner as in the above example. The true-volts drop is found lo be 0 jter 
cent. Or, in actual volts, the true line drop is: 0.00 X 250 » 15 softs. 
This satisfies the requirements of the example. 

192. The Determination of the Wire Size for Two-phase, 
Alternating-current Circuits may be made on this basis: A 
four-wire, twhfhase circuit may, m far at energy low and voltage 
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reactance. drop art: concerned, he replaced htj two single-phase 
dreads identical (as to size of wirc } didance between wires, 
current mid van./,'} with two circuits of the two-phase transmis¬ 
sion, prodded that in imth cases there, is no inductive interaction 
between circuits* Therefore* to calculates a four-wire, two-phase 
circuit, ccMiiptit.es the single-phase circuit required to transmit 
one-half the power at the sanies voltage. Then the two-phase 
transmission will require two such circuits. 

193. The Determination of the Wire Size for a Two-phase, 
Alternating-current Circuit Where the Line Reactance Is 
Negligible may ho based on the truth outlined in the preced¬ 
ing Art. 192. This method may, ordinarily, ho used for 
interior waring circuits and under the same conditions as 
sfxieified in preceding articles for single-phase circuits. If the 
power-factor of the loud m 1 00 per cent., the load balanced, 
and the line linn no reactance the result obtained by using 
the equation given below will (assuming 1 1 ohms is the resist¬ 
ance of a circuit mil-foot of copper) be correct. If the power 
factor of the loud m him Hum 100 per cent, and the line has 
no or very little reactance the true volts drop in the line will, 
m out lined in Art. 188, be something less than the volts drop 
reprcHentod by V In the following formulas. 


Kfiir. I« calculating n tmephma circuit by the method to he do- 
Mcribed, the find ntcp putter tliir current per ptmm In known) in to find 
one-half of tliw total power loud fed by flu? circuit. Than find the cur¬ 
rent in fiwifirrejt corresponding to thk one-half total power load with & 
balanced twoqdm-w four-win* ciriulL Ilia currant corresponding to 
one half the total load will I m the current in the outside wire*, hence, 
umy hit computed with tint following formula: 

P 

Chi) I ** ()M y £ x y i (mnperm) 

Wherein, I •" tli« line rurrifiit, in amp, P ^ the mctiial power load in 
waft*. M >* the voltage on the bad. pf* <*« the power factor 

of the load. 

When ilia current valtw, /, Itm futen obtained with the alcove formula 
or if the current per pita**, which I* the name thing, is known It 'm eubeti~ 

Intel lit formula (M) which far. 


cin mik *» 


nxt x l 

. . 


tt 
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Wherein.— Cir. mils « area of conductors, four of which will hi* required. 
I = current in each phase, in amperes. L - single dist unci' of th«* cir¬ 
cuit, in feet. V = allowable volts drop in the circuit. 

Example.—W hat aim wire should be used for the two-phane circuit 
of Fig. 120? The load consists of 55 kw. in ineancltifrctii lamps. The 
power factor is 300 per cent. The single distance is 300 ft, din? allow¬ 
able drop is 2 volts. Conductors are to be carried in conduit, hence line 
reactance will be small and can be neglected. 

Solution,-. First find the line current (current per phase from formula 

( 01 ) above) thus: 


• ’iHitrlf"! 

V C 

40* *.. J* j 1 

x*y***-~aj • I < ■ . 

JU*«* *•"*»*•* 


f’r.H f ,'.,» f i 


■$x?r 


« I*c'-hitaw Kit mi 

Pio. 120.—8iao wire for two-phniw circuit. 

P f>5 X 1,01)0 55 f fMMt 

1 - °- r ’° X /<? X p.f. “ 0J5 ° x 110 X1.0 “ a5 ° X nil 

Therefore, 250 amp. will flow in each wire, Now milmfif uf« in the for¬ 
mula (54): 

22 X I XL 22 X 250 X 300 


cir. mils 


' S7*V>00 or, mili. 


mil hr% , fu*#} 

-/•> | * 1 * . c 


d 4r?j " i > %* t 


-*> ** 

-*y 


mmmjmutjf. ‘ * -</<„*# 

4 " tf*k> > * 4'C V. 


■: : , ' 

f '“'i * ' 


4 v.u to; * ¥t 


Fid. 121.—Arrangement of condiictor# for example of 1-1*, 120 


A 900,000-eir. mil rubles might \m mmt which would (Imm Tnhh IfffMf 
safely carry flOO amp. Four gtidt cal Am would b© reqttiml for the cir¬ 
cuit. But a OOOjOcifFcir. mil cable would i» altogether loo largo 1 0 
handle readily to draw into conduit. Furthermore, tla skin effect* 
would b© excessively large. Hence, the circuit ilioiibt \m »plk up ami 
arranged into, possibly, one sub-circuit of four 4fl),fIW-i r Ir. mi! w#f Mliii’tors 
and out sub-circuit of four 5O0,06fi-dr. mil rmulmUm m In 

Kg. 121. Cables of these uhm ©an Im handled readily am] their skin 
ftsets would be relatively small, particularly if they were mailt with 
fibre cow.* Chocking with a table of mhHmtmnUmr/mt eapatdtiitf, 
it is evident that these concluotots would be amply largo to carry th* 
wtmi 

* 9m ths Pmcwm*. Zummuern smi kumm*,* Kt«arafeMNs* Hsmmmm, 


% 

<1 


4 
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Example. —What size wire should be used for the branch circuit to 
the 220-volt two-phase motor of Fig. 122? The motor is rated on its 
nameplate as taking 44 amp. per phase (if the ampere per phase is not 
given it can be computed from the formula given in the preceding ex¬ 
ample). The circuit is 110 ft. long. The allowable drop is 3 per cent. 
Solution. —The allowable volts drop is: 0.03 X 220 = 6.6 or say 7 
volts. Now substitute in formula (54): 


Cir. mils 


22X1 XL 
V 


22 X 44 X 110 
7 


106,480 

7 


=* 15,211 dr. mils. 



Fig. 122.—Find size wire. 


From Table 190A the next larger standard wire size is No. 8 which has 
an area of 16,510 cir. mils and which will, with rubber insulation, safely 
carry 35 amp. This being a branch circuit to a motor, it must be capable 
of safely carrying at least a 25 per cent, overload: 1.25 X 44 = 55 amp. 
Hence, No. 4 wire, the smallest size which will safely carry 55 amp., must 
be used. Four No. 4 wires from the switch to the motor would constitute 
the circuit. 


194. The Determination by the Graphic Method of the Wire 
Size for a Two-phase Circuit Where the Line Has Reactance 
may be made on the following basis. The computations are 



Fig. 123.—Find size wire for two-phase circuit. 

based on the following methods which are similar to those for 
single-phase circuits where the line has reactance. They may, 
therefore, be made either graphically or with the Mershon dia¬ 
gram of Fig. 115. The first step is to find one-half the load 
on the circuit under consideration. Then proceed with the 
graphical or the Mershon diagram solution just as if the cir¬ 
cuit were a single-phase circuit carrying this one-half load. 


Example. —What size wire should be used for the feeder of Fig. 123? 
It serves a two-phase load comprising twenty-four hundred 50-watt in- 
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candescent lamps. The power factor is 9# per cent. The circuit m 5(M) 
ft. long. The pressure at the load end of the feeder should be 12(1 volts. 
The conductors arc supported, 8 in. between con tern, on a pole line. The 
allowable energy loss is 10 per cent, of the energy transmitted. The true 

voltage drop in the line must not exceed 10 or 12 per cent. Holution..* 

Find one-half of the total load thus: 2,400 watts X 50 watts p«r lump « 
120,000 waits is the total load. Now one-half the total load is: (120,000 
waits) 4 - 2 « 00,000 waits. 

From this point on the example is solved by pwiwdy the same fneflttwl 
as that illustrated in connection with Fig. 112 (the load in the present 
example was taken purposely just twice that of the Fig. 112 load to 
illustrate the principle). For this two-phase circuit with n 120,000-wutt 
total load four 000,000-cir. mil conductors might be used and with them 
the true volts line drop would be 21 volts (Fig. 1 Ft) or the mine m if 
two 000,000-cir. mil conductors were used with a tMhOOO-watt load cm 
a single-phase circuit. 

Since, however, a 12 per cent, drop should not mint In the circuit of 
this problem, each G00,000-cir. mil conductor can bn split into two 
300,000-cir. mil conductors in order to reduce the line reactniice. With 
the conductors thus split up, as in the example of I*ig. 121, the true volts 
line loss would be (Fig. 114) 14.5 volts or 12 per cent., which nm*ln the 
conditions of this example. Eight liOtyOOCFkr, mi! conductt»r» would 
then be required for f his two-plume irmtaumltm and limy should lm 
arranged in a manner similar to that suggested in the example of Fig, 121, 



Fin. 124,— Find rfm wire find voting* drop. 


105. The Determination, With the Mershon Diagram, of 
the Wire Size for a Two-phase Circuit Where the Line Has 
Reactance will now lx) explained. As with tins graphic method 
described in the preceding article, tho first step is to find ono- 
half of the total load on the circuit. Then proceed with this 
one-half total load m if it were tho entire loud on a single- 
phase circuit. 

Example.—- What b!m wire should he used for the two-phase feeder 
circuit of Fig. 124? The load eonsiats of 48 kw. (48,000 watts) in quarts 
lamps. The circuit is 100 ft. long. The preesure at the receiver end of 
the circuit is to be 240 volts. The wires are carried in conduit. The 
power factor of the lamp load is 08 per cent. The frequency is CO cycle*. 
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The energy loss should not oxmcd 2 per turnt. Tho volte lino drop »hould 
not exceed 2 per coni, of the receiver voltage. Solution.''"- First find 
one-half the total load, finis: (4K,000) 2 — 24,000 watts. From thin 

point on the example is solved in precisely tho same manner as that of 
Figs. 1 IT and 117. (The load in the present example was taken purposely 
just twice that in the single-phase example of Fig. 116 in order to illus¬ 
trate the principle.) The other conditions of the present two-phase ex¬ 
ample are the same as thorn? of the single-phase example of Fig. 116. 

For this two-phase circuit with a 48,000-wafct total load four No. 1 
wires should he used anil with them the true-volt line loss will be about 
1 per flint or 2,4 volts the same as in the two conductors of tho single- 
phase circuit serving the 2MKXFwaU load in Fig, IICL 



i} 


<W. * m7* 

> v ( 'V’tjr Mhp\ Mwr 

J terctm 

*— •"**>%£ 


Kin. 1 25. *- Kind wire and voltages drop. 

— Tin? riMiiilt for the example of Fig* 125, which shows a 
lOfFh.p, motor foil by a t% o»|iii;iais circuit, k the lame tm that for the ex¬ 
ample of Fig, 116 which shows a fdhh.p. motor fed by a single-phase cir¬ 
cuit, All of the conditions, with the exception of the home-power rating 
of the motor, are tho iiain#? for both problems. Hie problem is worked 
nut for fig, l IK for I lift single-phase ofl-kp* load. The solution for the 
two-phase circuit with a ICMFli.p, loud (twice the single-phase load) is 
precisely the same an for the 50-h.p. single-phase load, after one-half of 
the two-ptuuw loud has hum found thus: (100 h,p.) 4* 2 *■ 50 h,p. 
However, two notyHKFeir. mil conductors are used for the 50-h.p, ulngfe- 
phiuta circuit and four 400,000-e*r. mil conductors are used for the 100- 
h.p. two-phasu circuit, 

196. The Determimioc o! the Wire She lor a Three-phase 
Circuit Where the lift# Reactance Is SmaU and may, there¬ 
fore, be dmmgmlml, may be made with the folio wing formula, 
the derivation for which i® given in the following note: 


(62) 

c».nU,- .'»Xj.Xt 

(circular mils) 

(63) 

v 19 X 1 X 1, 
sir. ffti m 

(volts) 

(64) 

~ V X dr. mih 

l ~ »xr 

(amperes) 
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(65) 


V X dr. mils 

m x / 


( foot 1 


Wherein: Cir. mils = area, in circular miln, of each of the three 
wires of tiie balanced three-phase circuit. I - the current, in 
amperes, in each of the three wires. L — the single distance or 
length one way of the circuit in feet. V - the allowable 
drop, in volts, in the line. 

197. The Conditions Under Which the Above Three-phase 

Formulas May be Used can 

be specified thus: they are 
ordinarily suflidiuitlyaccumtii 

for interior-wiring drcuiiH and, 
under the conditions m ajmct- 
fieri in Art. 186, for singlo- 
phaae circuits of small line re¬ 
actance. If the power factor 
of the load is KM) jair cent., 
the load balanced and the linn 
has no reactance, the result 
given by the preceding form¬ 
ulas will he theoretically cor- 
of a circular mil-foot of eoj»~ 
per is 11 ohms. If the power factor of the load m km 
than 100 per cent, and the line has no or very little reactance 
the true volts drop in the line will be something km than the 
volts drop represented by V in the preceding erf oaf ions; we 
Fig. 108 for an illustration of the principle m applied to single- 
phase circuit. 



Fxo. 1 26,—-Showing vmtorrtilutinm 
of drops in a balanced thrw-idt&.w 
circuit. 

rect, assuming the resistance 


Not ®,—The Dmimiwn of ihs Abm F&rmvkm /tr Datormininf Tkrm» 
phate Wire Sim Wh$r$ Mm RmUme* Mag fi# Dimgmd§d,~~Thn voltage 
relations in a three-phase eireuit may be represented by the diagram 
shown In Fig, 126, The values in this particular diagram apply to the 
circuit diagrammed in Fig. 127* TII* diagram (Fig, 127) shows low 
voltmeters would read if connected to the thrw-phm^ circuit Itmm dia¬ 
grammed. Th# voltage impressed m tit circuit is 110 vdlls, The tlmp 
In each of the three line wires, AB f A *if 1 and A u B n m Lli veils, from 
this It might be assumed that tit voltage hnpnmxi on the had would 
be: 110 - 1.16 • 10S.S4 sefli; however, eueh is not the ease. The toll- 
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age between wires at the load would actually be, as shown in the pie turn, 
108 volts. 

The reason for this is that the c.rn.fs. in AB 3 A l B l and A n B n are not 
in phase with one another. Hence, the voltage drops in these three 
conductors are not in phase with one another. Since the e.m.fs. in the 
three wires of the three-phase circuit differ in phase by 120 deg. if there 
is a drop of 1.16 volts in each of the conductors the total drop across any 
two of the conductors will he (as shown in Fig, 12(1) 1.10 X 1,73 «* 2 
mlU, 

Now, the drop in one of the wires of a balanced three-phase circuit 
(for example AB t Fig. 127) may be computed from formula (4b): 



Fin* 127,—Illustrating drop in voltage In a three-phase circuit. 


11 X / X L 

V " nr. mil, ‘ 

The drop obtained by the above equation m sometimes called “the drop 
to neutral" Now it m evident from Fig. 120 that the drop in any two 
of the conductors of a three—phase circuit, for example in AB and 
A l B l (Fig. 127) would be; 1,73 X the drop in me of the conductor*, 
Thun tlm total drop in the two conductors may lie mprmmd thus: 

y ^ II X # X L X 1.73 # 1!) X / X L 

dr. md» ^ dr, mil* 


Hence, from tlw above iiin it follow* that for * three-phase circuit: 


{Hr, mti$ 


111 X / X L 
V ^' 


Exam* up.*—' If hat dm wire abould b# tuned for the circuit to the three- 
phase 220-volt motor of fig* I28f The elreuit fa 400 ft, long. It l» 
earriad In conduit no that the lint reactaaee fa negligible. The allowable 
drop fa S volte. Hit motor t»km 4# few. II fa mmmod that It* power 
factor fa but 70 per cent Hitt, find Hit current thus (for the derivation 
<rf tfa» following formula* nee the author’* Ammmmw Eucctiucians' 
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IAut. lit? 


Inn. X .WO <10 X 5,SO 
1 “ K X }>■/■ " -'20 X <>.7 

Now substitute in the above formula (02): 

VAX I XL lit X 1/51 X •KMt 
cir. mils =- ,, - -„ 


151 wn j>. 


Jill,20(1 fir. mils. 


Fuses. . 



Fiu. 128 .-" Find win* ««c for thr«H*-i 4 iHH<* Hmitt*. 


Referring to Table 100/1; the next larger wire mm m No, CM) which has 
an area of 211,000 eir. mils. Hi nee this m a motor circuit, it intuit bit 
capable of carrying a current overload of at lisiwt 2ft fair rent., hence this 
circuit must be capable of safely handling: 1ftI X 1.2ft ^ 1H8.S amp, 
Now No, 0000 wall safely carry 225 amp. with rubber imnhithm m 325 
with other insulations, which is satisfactory mi a conductor for this 
example. 



Fio. 120,—Find wire »i*e for thm^phaw clirfiit* 


SbcAMFLK.—-Whftt si m conductor should \m is ml fur the 
110-volt feeder circuit of Fig. 120? The kmd mmkt* of 3 kit, (3,000 
watte) of incandescent lamps at a power faetor of 0B per mnL Tim 
wiem are strung close together m that the line rtiiet&xwe can lie neglected. 
Th® circuit k 400 ft, long and the allowable drop is % vciSte. , - 

Mwt find the current which would flow in this circuit* 


. hw. x nm 
Im tiXp.f. 


n x m 

iwxm 


10*1 amp. 
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The next, larger wire size (referring to Tablo 190d) is No. 4, which has 
an area of 41,7-10 eir. mils. This conductor will morn than safely carry 
the 10.2 amp. of this example, hence is safe and may he used. 

198. A Three-wire Three-phase Transmission May Be 
Replaced by Two Single-phase Circuits.—It is frequently de¬ 
sirable to utilize this fact in making three-phase circuit wiring 
calculations, particularly where the threo-phaso circuit has 
reactance. That is, a three-wire throe-phaao transmission 
having conductors symmetrically located may, so far as energy 
loss and voltage requirements are concerned, be replaced by 
two single-phase circuits having no inductive interaction and 
identical with a three-phase line as to size of wire and distance 
Ixitween wires. Therefore, to calculate a three-phase trans¬ 
mission calculate a single-phase circuit to carry one-half the 
load at. the same voltage. The three-phase transmission will 
require three wires of the size and distance between centers as 
obtained with the single-phase transmission. 

199. The Determination of the Wire Size for a Three-phase 
Circuit Where the Line Has Reactance may bo made either 
graphically or with the Mershon diagram (Fig. 115). Where 
either the Mershon or the graphical method is used the fact 
outlined in Art. 198, that a threr^phmc circuit can be replaced 
by turn mtyle-phmt! circuit n," is utilized. Regardless of whether 
the Meruhon or graphical method « used, first find one-half 
of the total load. Then proceed with tho problem using this 
one-half total load just as if it wore fed by one single-phase 
circuit. The method of solving three-phase problems is simi¬ 
lar to that used for the two-phaso examples above given, 
except that three wires of the size obtained are used for three- 
phase circuits, whereas four wires are used for the two-phaso 
circuits. 

Examfub.— What she conductor should he used for the open-wire 
truuuntssion shown in fig. 130? The allowable volte lorn in the line is 
4 per cent., or 0,01 '/ 220 ' 8.8 ti/ftt. Receiver voltage ** '220. Load 
• 60 lew. l**»wer factor »- 0.80. Distance between wires •>» 3 in. 
Frequency is 23 cycles. Hocimon.—The actual current in each wire 
must he known to insure that a conductor large enough to carry it will be 
•elected. 
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. , , 0.5X X p 0.88 X 50,000 29,000 

Actual current** Expf » 22() x 0 .« “ m 

Now find one-half of the total load and proceed with this loud m for 
a single-phase transmission which will be railed the imaginary 
transmission. 

lot«l load = «* *=* 25,000 waUi. 

2 2 

The current in the imaginary transmission would be: 
r p 25,000 25,000 

/ *a sa - *3 sss 

E X p./. 220 X 0.80 170 

142 amp, in the imaginary' 



Ciftv Onmdf&r 


4 M" 4H 

£>.'!* )< i 


Via. 130,—Example in determining wire oiis for a three-phas# feeder. 
To approximate the sixo of wire, uae the single-phase formula (84): 


... .. 22 XI Y, L 22 X 142 X 200 024,800 „ 

Ltr.rnd*™ ~ - ■■■* »7l,mdr.mOM. 


The next larger standard airo wire k No, \~ 83,090 dr. mils which will 
eafely carry, when oxpewed, U>0 amp. The actual current w W0 amp. 
No. 1 la, therefor®, not satisfactory from a current-carrying standpoint. 
Ilonee, it will be neemary to two the next larger die win*, No. 0, which 
will safely carry, when exposed, 188 amp. Now cheek this No, 0 wire 
for volts line drop. 

The average dietance lHdur.cn the three wire* *» 

3 in. 4 3 la. f 0 in, 12 »e. 

•» ** 4 in. 


Rrfer to Table 190B under 28 cycles and opposite No. 0 wire and find: 
Resistance volte par 1,000 ft. - 0.196 and (under 44n. separation) re¬ 
actance volts per 1,000 ft. - 0,006, Then: 
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*» f),f> 7 iwlto. 


» 1.87 rote. 



Laying out die per cent. ledstance drop and the per cent, reactance 
drop oa the Mention diagram (Fig. 131); At the upper end of the 80 
per cent, power-factor line m chawribed previously, the last point of the 
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layout comes just under the 3 per cent, volts loss circle. Therefore, the 
true volts drop in the line will be somewhat less than 3 per cent, with 
No. 0 wire. Therefore, use three No. 0 wires for the transmission as 
shown in Fig. 130. 

200. The Determination of the Wire Size of Single-phase 
Branches Fed From Three-phase Mains can be made by using 



Fig. 132 .—Current in three-phase main and single-phase branch. 

the direct-current formula. The branch circuit is treated as 
if it were an independent single-phase circuit. 

Note. —Fig. 132 shows the relation of the total current in a three- 
phase main to the total currents taken by the several single-phase branch 
circuits feeding from it. The three-phase circuit current is equal to the 
total of the single-phase circuit currents multiplied by 0.58. Thus for 
the problem of Fig. 132: 30 amp. X 0.58 = 17,4 amp . 













SECTION 10 


TRANSMISSION AND DISTRIBUTION OF ELECTRICAL 

ENERGY 

201. The Reason Why Energy Is Transmitted Electrically, 
particularly where large amounts are to be transmitted over 
long distances, is that the electrical method is the most eco¬ 
nomical, convenient, simple and satisfactory one available for 
the applications for which it is so widely used. 

Note. —Energy may be transmitted satisfactorily and in some cases 
most economically by steam, compressed air, line shafts, belt and rope 
drives and by similar methods. But it is obvious that any of the methods 
just mentioned would be wholly inadequate, impracticable and uneco¬ 
nomical for transmitting large amounts of energy over long distances. 

202. A High Voltage Is, From a Standpoint of Pure Eco¬ 
nomics, Desirable for the Transmission or Distribution of 
Electrical Energy.—However, features of safety and utility 
often render desirable or necessary the use of relatively low 
voltages. Why a high voltage is desirable economically will 
be evident from a consideration of the articles which immedi¬ 
ately follow. 

203. The Power Lost in an Electrical Circuit Transmitting 
a Given Load Varies Inversely as the Square of the Impressed 
Voltage.—(Certain factors which affect only very-high-voltage, 
alternating-current lines are disregarded.) If the voltage im¬ 
pressed on a line is doubled the watts line loss—a certain given 
amount of power being transmitted—will be quartered. If 
the impressed voltage is trebled the loss will be one-ninth of 
that with the original voltage. Note the following example: 

Example. —Refer to Fig. 133. In both I and II the same line is 
shown. It is of No. 10 B. & 8. gage copper wire, which has a resistance 
of approximately 1 ohm per 1,000ft., so the entire circuit (10,000 ft. of wire) 
will have a resistance of about 10 ohms. The load at the end of the line 
is, in each case, 5 kw. Since the apparatus at the end of each of the lines 
is designed for operation on 200 volts, that pressure, approximately, must 
be maintained at the receiving end of each line. 
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In system I, the motor is connected directly to the line. Hence, the 
current taken by the motor (which will be: 5,000 watts 200 mils « 25 
amp.) will flow in the line. Front the Ohm's law formulas, the voltage 
drop in the line for system A will be: E *■ I X R = 25 X 10 250 

volts. And the power loss in the line will be: P *> /* x It 83 25 X 25 X 
10 *= 6,250 watts. 

This means that the generator voltage would have to be equal to: 
(volts impressed on receiver ) (volts loss in line) 200 -f 250 450 

volts. Note also that a certain amount of power—6,250 watts • is lost, 
dissipated as heat, in the line. This necessitates that the generator A 
develop 11,250 watts, 6,250 watts more than is delivered to the motor. 
Obviously, the transmission system of Fig. / is not an economical one 
because more power is lost in the lino than is delivered to the motor. 



•Lew Vhttage Qer*m*tor 


, U amtnmim Ur* 23 Amp, 

v '-Nttb win 


zr^mvoiH 


mp m - 290 min 

Lrm in I <m * 6230 W*ff$ 


..'HU0 Wire 


;sl>S‘‘ r y$il 

•23 Amp 


. mort,R*IOOhrm • 

of '450 Vet ft 



^•13 Amp, 

———r—— Tmmtrn 

m$ mm 

On*p in Veftm* <* 2$ Witf * «•-£ 

lm$ in Urn * #2*1 tfam 2000 mm 

f s 


k&iOfn* ] 




S-TbimmH^on m IQftlfett* 

Fio. 133.—Advantage of high-voltage tmmmlmitm. 

Now consider the system of II (Fig. I33)« Thu liiti and tit- motor 
are the game as in J, However* a transformer, T f k inserted at the md 
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would make the actual results slightly different from those obtained in 
the solutions above, but the difference would not be of any practical con¬ 
sequence insofar as the genera! principle described is concerned. See the 

author’ll Amerimn EbdririatiF Ifnndhmk for an example tabulated in 
detail showing the effect of different transmission voltages in transmit¬ 
ting 30 kw, over a lino of 3 ohms resistance. 

204. The Weight of a Conductor Is, for a Given Power Loss, 
Inversely Proportional to the Square of the Impressed Voltage. 
- The truth of thin statement may bo readily verified by solv¬ 
ing simple examples similar to those above given. 

201. For Short Transmission Distances a High Voltage is 

Seldom Desirable because, although the cost of the copper in 

n tninsmiKhioti line would (with a given watts power loss) bo 
less than if a low voltage were used, there are other consider¬ 
ations which more Ilian offset this cost. With a high voltage, 
the generator is frequently more expensive. Furthermore, 
costly transformers, to reduce the voltage at the receiving end 
of the line nm.4, ordinarily, be used for incandescent lighting 
and also for motors which are located inside of buildings where 
a high vobage would be dangerous. In special cases relatively- 
high-voltage motors may be connected direct to transmission 
lines of corresponding voltages, 

206. The Efficiency of Transmission of an Electrical Cir¬ 
cuit m jdffiikf to any other kind of efficiency in that it is the 
ratio of output to input. The power delivered at the receiving 
or far end of any eleet rica! circuit is always less than the power 
delivered to the circuit, by mi amount equal to the losses in 
flu; line. The line him m almost wholly (and for practical 
purpose* may kt considered as king entirely) the P X It 
{rower biffs. 

Them* firstly, by wing a ffttllckfilly large conductor, the 

may \m tn*\wm\ In practically %tm> that m ilics efficiency may he 
in**rerincd t« almost 100 |*cr rent. Hut in prarUoe nothing m gained by 
fining mi wwiveiy large conductor. If the conductor in too large, the 
fia i be mm«y invented in it will more than offset the cost of the 
energy saved by using the large conductor. In pra#tlee immmhmm 
circuit* sue frequently mi dhwigfnsf that they are about 90 per cent, 
efficient; that »„ 111# line fsiwcr l*m ts akmt Iff per cent* It ii Impossible 
{fig. Ill) to lutvt aeireuit whtek Is tumidly 100per cent, effieftnt regard 
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Jobs of how large—of how little rc8i8tanee----it« conductors arc. In 
designing circuits* every case should be treated on its merits. 

207. To Compute the Efficiency of a Transmission Line or 
circuit, a formula based on the preceding statements may 1m 
used. In general: efficiency = output input Ktating the 
same thing in another way: efficiency = (output) %- (output + 
losses). Now, restating this to apply to a transmission line: 



Pm. 134.—Graph showing Increase of irmmdmimt efficiency with tlm 
transmission voltage. (The values plotted above relate to tin* specific 
problem designated. Note that in thin particular cxanijih* the efficiency of 
transmission increases very rapidly with iitww of Iftif#rtw!#§ voltage until 
the pressure is (at B) above 1200 or 1800 volts. A tern* this pressur** efficient y 
increases much more slowly. Kven at C, for a pressure of 10,000 volts, the 
efficiency if only ffibO per cent.) 


(66) Effi. of trammimum 
or modified: 


power ddimrrml by Itm t 

. j * (imr mnt) 
power received by tine 1 


(67) Efficiency of trammumm * 


power del by line 

(power del by line) + ( power kmm» in lime}* 


ExAM*tM .-~-What la the efficiency of the eltmtlt of Kg. I3i under ill# 
condition! them noted? Hie impreMd e.mi. is 1 If volte* The etirmit 
is WO amp. The reekfcatJee of each line conductor l» 0 CKffi ohm. iotas- 


•S#« srtioU hmM u Hi# Qtmtfon of Smmm I *m la a Ctrotlft* In Up 
An»«tm« Staotei mmB* Haw tumor. 










ftec. lOJ TRANSMISSION OF ELECTRICAL ENERGY 


177 


tionv. Pau rr rtcrivcd by ihti : imc ™ / X A* 800 X 112 — 89,900 waits. 

Pmirr Imd in line i 2 X /£ = 800 X 800 X 0.012 ^ 7,080 waits, 

jmmr thiivrml h\f line 89,000 — 7,0)80 — 81,920 walls. Now 

wilwtitiite in formula (00): 


w- of trtiwi. 


pourr drl. hif line 81,920 
pom r m\ by lino 89,000 


0.910 = 91.2 per mit. 



Fin. 122. Exai»|»l« In computing offtriwiry of trutiHmiHHion. 

208. Direct Current for Transmission and Distribution is 
with multiple circuits, ordinarily, suitable only whore the dis¬ 
tances involved urn not. grout Direct-current voltages cwn 
tc 11 stopped up” or down only by using motor generators 

which nn; expensive in fit si and operating costs. Hence, the 

economics of the situation dictate that, as a rule, the receivers 
- lamps ami motors direct-current multiple circuits must 
ojatriife at the voltage which is impressed on the circuit by 

the direct-cnrriiiil generator. 

Because of the fact that multiple incandescent lamps de¬ 
signed for operation on, approximately, 110 volts are more 
economical in first and ojiemting costs than lamps for higher 
voltages this pressure, 1 iCI volts, is practically standard for 
ineamli^centdighting circuits. Lamps for voltages lower than 
110 would of themselves lie satisfactory, hut the cost of the 
large wwlnvUm which would he necessary to serve low-voltage 
lamps with energy would I m prohibitive. The result is that 
the pressure on any circuit used for incandescent lighting is, 
in effect, limited to approximately III) volts. Obviously this 
procure m not sniiciiiiitly high for economically transmitting 
energy over eonttidcmhle distances. 

209. Rtlaiftlf-Wgb-TOltegt Direct-current TtmsmiMmm 
and Distribution is satisfackuy and economical where the load 
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is mainly power (motors) rather than multiple* incandescent 
lighting. Direct-current pressures as high as 1,500 and 8,000 
volts have been applied successfully for electric railway work. 
In industrial plants 550 volts, direct current, has been used 
to some extent for motors and cranes; higher voltages are un¬ 
desirable for general distribution within buildings or plants, 
because of the danger to human life that they involve?. 

Note.— Voltages lower than 550 may Im fitf.nl. Whrrti the mitfaet 
with the body is good or where the person hm it went lnwi, a vulfngit m 

low as 110 may kill 




— soori 
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CJ 
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Cppft'i C > t /v> 
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1 •* Current in *htt / nnt 
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Fio. ISfl.—Comparlioa of 110- find 220-volt mhpiml from 

Gray, (This table allows the solution of a problem where Ml Kw tinwl \m 
transmitted 300 feet with a 2.5 per rent, drop and win re if p mpiiP *1 llmf fli» 
conductor »!*© \m known for a r« mdver primiire of 11 tf % oil** i»i«d mb o TM volts 
Th@ relativity of copper in taken m II oh mi per riviibr util ttmi, Noto 
that sine®, with the sum® \mt cent linn lo^s and the mim* bm4 f the umtlm i«r 
area varies Invaraaly m tlin «f|tiar<i of Urn tmnmuh 4*m votfnne, the »r# 4 A wiffi 
K » llO-voil# is four times that with M - 230 volt**. In other w#*uU % by 
doubling the pttmur& thu conductor area l«w Imm uwirf* r®<J j 


210. Three-wire Distribution i« now used in practically all 
installations of any consequence whom muHqdn incandescent 
lamps are to bo served. With the throe-wire system, 1 10-volt 
lamps may be used on the side circuits while the energy is, in 
effect, transmitted by the outside wires at 220 volts. Thereby 
the economics of 220-volt transmission (see Fig. I .*10) are 
utilised. The neutral wire may be small where the load on 
the three-wire circuit is well balanced. The consequence is 
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that the weight of copper conductor required for a three-wire 
system will be only a quarter to three-eighths of that necessary 
for an equivalent two-wire system. 

211. Standard Direct-current Voltages and Their Applica¬ 
tions. 

Voltages 

Generators and Motors and Applications 

energy-delivering energy-utilization 
apparatus apparatus 


110 Used for multiple-circuit, incandescent 

*125 lighting. Usually obtained from a 

110-220-volt three-wire system. 



* Electric Power Club standard voltage ratings. 


Note.—Voltages, Systems and Frequencies in Use in the United 
States. —According to a recently published electrical directory of the 
United States, * there are no less than 4,700 central stations in towns 
of less than 50,000 inhabitants. An analysis of the data relative to 576 
systems in six representative States indicates that 15 per cent, use direct 
current at voltages of 125, 250 and 550 volts two-wire, and 125 to 250 
volts three-wire. How well some of these direct-current systems are 
applied is not apparent, but it is evident that the voltage of direct- 
current systems is quite well standardized. Of the total number of 
systems analyzed, 85 per cent, employed alternating current in 22 differ¬ 
ent combinations of number of phases, wires, cycles and volts, prac¬ 
tically none of which are convertible into another combination without 
great difficulty and expense. 

* A. J. Goedjen in a paper read before a Joint meeting of the Eleptrical Section of 
the Western Society of Engineers and the Chicago Section of the American Institute 
of Electrical Engineers. 
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In the 488 alternating-current systems analyzed, 21 per cent, were 
single-phase, 13 per cent, three-wire two-phase, 1 per cent, four-wire 
two-phase, 39 per cent,, three-wire three-phase, mid 23 per cent, four-wire 
three-phase. Of these 488 systems, classified according to the voltages, 
2 per cent, operate at Ilf) volts, 17 per cent, at 1,100 volts, f>S per cent, 
at 2,200 volts and 24 per cent, at -1,000 volts. The frequencies at which 
the 488 systems operate show even a greater diversity, 2 per cent, being 
25-cyelo, 0.0 per cent. 40-cycle, 90 per cent. OO-cycle, 0.2 per cent. 110- 
cyc.lo, 1 per cent. 125-cycle, and 6.2 per cent. 133-cycle. 'I'he i 10-, 125- 
and 133-eyelo systems are small plants. 

212. Alternating-current Transmission and Distribution 
Systems (Figs. 1 and 137) are not, in general, rest rioted by 
distance conditions. It is economically feasible to transmit, 
almost any value of power over any reasonable distance with 
alternating current. Hence, where it is necessary that, power 
be transmitted further than a mile or so or ho distributed over 
a wide area for general light and power service the alternating- 
current system is always* adopted- because it is far more 
economical than a direct-current system. The cost of a 
multiple-circuit, direct-current long distance transmission 
and distribution system would las prohibitativo. 

213. The Reason Why Alternating Current Is In General, 
Preferable for Transmission and Distribution is that the 
voltages may be transformed ("stepped up" or "stripped 
down”) with stationary transformers. Thews transformers 
are relatively low in cost, and are very efficient in operation. 
They have no moving parts hence require no attendance 
and may bo installed out of doors, in manhole* or on fw*h?s. 
Hence, energy may he generated at the most, convenient vol¬ 
tage, increased, with a step-up transformer, to a pressure high 
enough for economical transmission or distribution and then 
lowered at the distant end of the line, with a "step-down" 
transformer to a voltage or voltages suitable for effective 
utilisation. 

Examkub.—F ig*. i and 138 show typical three-phase systems. In 
the system of Pig, 138 energy is generated by the alternator 0 at 2,200 
volts. The voltage is "stepped up” by tnuisformera T„ located in the 

•See Uw author's Amsskmm KuorMOtaHs' BUkmook for table allowing Copper 
JBtaaoatai (4 different distribution writs*. 














fte* 137, —Tlse <Mstribnti©ii system ol the Philadelphia, Pa, Electric Company, 
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generating station, to 50,000 volts which is the transmission e * 

The energy is then transmitted at 50,000 volts from the generating ^ 

(Li) over the transmission line for a distance of possibly 25, 50 o r 
miles, to the receiving station (L 2 ). At the receiving station the pr“<2M3^* 
is stepped down with stationary transformers to 13,200 volts at ^ 
pressure it is distributed to substations, which may be of any on© & 
four types enumerated below or a combination thereof. 



Fig. 138.—The elements of a high-voltage alternating-current el2cum! 
energy transmission system. 


214.' Three-phase Transmission Is Used in Prefejr^aatoc* 
to Single-phase or Two-phase because it is more econoKticsal 
of copper.* If a single-phase, two-wire transmission oparat- 
ing at a certain voltage requires a certain amount (or 1O0 par 
cent.) of copper, an equivalent two-phase, four-wire trantiH 
mission will also require 100 per cent. An equivalent 
wire, three-phase transmission will require only 75 per cent, 
of the copper. A four-wire, three-phase transmission, wlt.li 
the neutral the same size as the outers will require only 33*3 
per cent. 


* Sea the author’s Amebic an Eijbctbicians’ Handbook for table showing; Oojp£i*Kr 
Economics of different distribution systems. 
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V.*ItJ4«r j 

C »n>I nn«l ^ 

«i«'rgy-tl»4ivi‘riii|{ *'itrrgy-util»at,i*m 
apjiafaf m it|ip»ral»iJ4 

Application 

120 j 

•2 Ml j 

I 

•no 

Single-phase, used for email motors and 
lighting, usually obtained from a 120- 
240-volt throe-wire ays tom. 

*210 j 

•ISO i 

*000 | 

*110-*220 
*410-*650 

i 

Usually threo-phaso, xwod for distribu¬ 
tion for power for polyphase motors 
: up to possibly 50 to 00 h.p. output. 

*1,2(10 - *2,1 (Ml j 

i,m > 2 ,aoo- 

•MO-ViSO 

*1,100 *2,200j 

j 

Usually three-phase, used for poly¬ 
phase motors of capacities greater 
than about 50 to 00 h.p. 

2,200 J 
*2,400-4,150 

i I 

For tli ruo-pitase four-wire distribution 

in cities, 4,000 volte between outer 
wire® and 2,SCO volte between outer 
wire and neutral. 

113,200 

Kc« footnote A. 

1 

Highest pressure for which generator or 
motors can, ordinarily, be effectively 
designed. Often better to generate 

at 2,200 volts and then stop up with 
transformers to transmission line 

voltage. 

f 6,600 
f! 1,000 
113,200 
tl«,«W 
122,000 

Til© Voltffcgtt* ■ 

higher lliiiii I 

13,200 mused 

tor irafjtmb* 
tdm mly md 

i notfarfim«ra^ 

Urn 

i 

For power transmission over relatively 
short distances and where cable must 
b# used. 

122,000 

133,000 

1*4,000 

{66,000 

183,000 

1110,000 

1180,000 

Wm long-distance power transmission 
over aerial lines. 8m “Thousand 
Volts Per Mile” article below. 


A. Ottoentom arc built for 4,000, 6,800 and 11,000 volts. 

* Klectrin Power Club standard voltage ratings, 
f These voltages etandardked by the National Electric tight Anaoc.a- 
two and the Electric Power dub. 







184 


CENT HAL STATIONS 


| A in. *iin 


216. About a Thousand Volts Per Mile Length of Trans¬ 
mission* is a thumb rule which serves as an index. This in 
based on the fact that with copper conductors a pmwtiruof 
1,000 volts per mile, and a current density of 1 amp. per 1 ,000 
cir. mils, the energy loss will be about HI per cam!. That is, 
a line designed on thin basis will carry it a current without 
excessive heating at about a 10 per cent. loss. For relatively 
short lines transmitting considerable power the rule provides 
a conductor too small for most economical operation, that is 
for minimum annual costs. Hence, for the short distance 
transmission of much power, a pressure greater than 1,0011 
volts per mile may be the more economical. Where a trans¬ 
mission system serves an extensive distance and the load m 
small a voltage smaller than 11 1,000 per mile” may sometimes 
he adopted with economy. 

217. The Standard Frequency f in the Flitted Hi ales may 

now be said to be CM) cycles. It appears flint it is desirable, 
in practically every ease, to adopt this rather than any other 
frequency. The economies and advantages that were exported 
to result from the use of 25 cycles for electrical energy trans¬ 
mission have not, in general, materialized. A number of 
plants which generate at 2f# cycles have been constructed which 
necessitates the ins!filial ion of 25- to 00-cycle frequency 
changers where 60 cycles is the utilisation frequency, 

Nom-^Synehroiiotii converters m furnturly deigned mould no! 
operate satisfactorily at frequencies much above W eyries. Tim tin 
one of the reasons for the original iiiifnltaf iort of a of 25-eyrl*? 

generating stations. Motors for 25 cycles are, generally, mt cpi very 
slow-epeed machines, more expensive than tlioejs for M eyries* Are 
lights can not b© used on 25 cycles. With incandescent lumps there m m 
noticeable flickering on 25 eyelet which produces «y« fatigue Tins 
renders its application undesirable for interior illwniiiafioii but it mu 
be used for incandescent street lighting, 

218. Subnitatik>rtg May, In Omani, 1# Divided into Four 
Gmmei Classes: (I) Transformer mb*totioiis, (2) rotary- 

• II, B. Osar. 

f Ss* tfe# author** Au%mckm Umtmmm, ittn IWtt* *i» Itwnwi 

md M» Sumjvsioal Mtmmmr tm further MmmMkm m ifcj» 
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converter sub-stations; (3) motor-generator'sub-stations, and 
(4) frequency-changer sub-stations. 

218A. The Function of a Sub-station Equipment is to so 
modify the characteristics of the energy received by it that 
the energy will then be suitable for utilization by that load 
which the sub-station serves. That is, the voltage may be 
lowered in the sub-station and a conversion made from alter¬ 
nating to direct current, if necessary, as will be described. 
So that each sub-station may most economically serve its 
load it should be located at or near the electrical center of the 
district served. 



219. A Transformer Substation (Fig. 139) is one in which 
the alternating-current, voltage is lowered, with step-down 
transformers, from the transmission voltage to one suitable 
for distribution to the consumers or to the power load. Usu¬ 
ally the distribution primary feeders operate at 2,200 volts. 
Hence, the low-tension side of the step-down transformer 
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develops this voltage. A potential or feeder regulator, * 
which may be automatic or non-automatic, is usually inserted 
in each feeder to maintain the voltage at the distant end of 
the feeder practically constant. In a transformer sub-station 
the pressure is transformed from one voltage to another but 
the energy is not converted from alternating to direct current 
or the reverse. 

220. In a Synchronous or Rotary Converter Sub-station 
(Figs. 140 and 141) conversion from alternating to direct cur- 



Fig. 140.7-Sectional elevation showing typical arrangement of a synchronous 
converter sub-station for electric railway service. 

rent is effected. Usually the voltage must be decreased with 
a transformer on the alternating-current side of the synchron¬ 
ous converter because there is a certain-fixed ratio between the 
alternating voltage impressed on a synchronous converter and 
the direct voltage delivered by it. With a single-phase con¬ 
verter, the alternating is 71 per cent, of the direct voltage. 
With a three-phase machine the alternating is 61 per cent, of 
the direct voltage. Hence, to change the direct voltage de¬ 
livered by the converter, the alternating must be varied ac- 

* See Author's PstAcraeAL Elbcvbxcxtt* 
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corcHngly. By changing the field excitation, a converter may 
foe rnade to correct or compensate for low power factor. The 
direct e.m.f. impressed on the line by a synchronous converter 
may Be varied by using a booster—a small generator—either 



Fxo. 14L—Plan view of the railway, synchronous-converter sub-station. 


in the alternating- or direct-current side of the machine, or by 
varying tho alternating impressed voltage with a potential 
regulator or a transformer having taps. 


Nor*.—Synchronous converters are somewhat more efficient than 
motor-generators. They find their widest application in direct-current 
street railway service. 

221. A Motor-generator Sub-station is shown in Fig. 142 ,1 
and 11. Such an outfit may be used particularly in industrial 
plants, where direct-current energy is required for utilization. 
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The high-voltage alternating three-phase line enters the ela¬ 
tion over three wires, X, 1' and Z, and passes through the choke 
coil, C, to the high tension hus-hars 1, 2 and 2. The line vol¬ 



tage is stepped down to 2,200 volts by the three stngle-phww 
transformers, T lf T% and T$, which are connected in delta. 
The 2,200-volt alternating power drives the synchronous 
motor, M, which is mounted on the same shaft with and drives 
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the direct-current generator G. The synchronous motor 
usually has a squirrel-cage winding on its rotor and is thereby 
started as an induction motor.* The direct e.m.f. impressed 
on the line by G may be made any reasonable one by providing 
a generator of suitable characteristics, and it may be controlled 
manually by a field rheostat or automatically with an auto¬ 
matic voltage regulator. Motor-generators are sometimes 
preferred to synchronous converters because the motor- 
generators are, possibly, somewhat more readily operated. 
The synchronous-converter outfits are the more efficient. 

222. A Frequency-changer Sub-station is one in which 
alternating-current power at one frequency is changed to al¬ 
ternating-current power at different frequency. The fre¬ 
quency changer sub-station is somewhat similar to the syn¬ 
chronous-motor sub-station of Fig. 142 except that the 
direct-current generator and its switching and control equip¬ 
ment is replaced by an alternating-current generator and 
outfit. * Frequency-changer stations in the United States 
ordinarily change from 60 to 25 cycles or the reverse. 

223. Distribution Circuits may for convenience be divided 
into the following two general classes: (1) Series circuits (Fig. 
143); and (2) parallel circuits (Figs. 144 to 148). Parallel 
circuits may be subdivided into: (a) loop circuits (Fig. 144), 
(6) tree circuits (Figs. 145 and 146), (c) feeder-and-main cir¬ 
cuits (Fig. 147), and (d) ring circuits (Fig. 148). 



224. Series Distributing Circuits (Fig. 143) are seldom, if 
ever, used in this country except for constant-current t series 
arc or series incandescent lighting. The constant current in 

* See the author’s Eluctbicai* Macbon'hby for details. 

% So© the author’s Practical Bmotbicity. 
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commercial series circuits is so small (usually under 8 amp.) 
that a small wire will carry it without excessive loss. Hence, 
conductors for series circuits are usually selected with reference 
only to their mechanical strength. It is usually considered 
that No. 6 wire is as small as should be erected on a pole line, 
hence a majority of the out-of-door series lighting circuits in 
this country are of No. 6 B. & S. triple-braid weather-proof 
copper wire. Some companies will not use any wire smaller 
than No. 4 B. & S. on a pole line. 

225. The Line Loss in Commercial Series Circuits, using 
the standard No. 6 wire is relatively small as is indicated by 
the following example. 

Example* (see Fig. 143).—The circuit operates at 6.6 amp., is 5 miles 
long and serves 80 lamps, each of which requires 50 volts at its terminals. 
The line is of No. 6 wire which has a resistance of 2.1 ohms per mile or 
10.5 ohms for the whole line. This involves a drop of (V ® I X R) 
10.5 ohms X 6.6 amp. = 69.3 volts. The loss of energy in the line wire 
is: (P = /2 x R) = 6.6 X 6.6 X 10.5 « 468 watts . The power taken 
by one lamp (I =* E X I) is: 50 X 6.6 *=> 330 walls and for the 80 lamps 
it would be 80 X 330 =* 26,400 watts. The loss in the line, 468 watts, is: 
(468 -s- 26,400) but 1.8 per cent, of the power taken by the arc lamps. 

If No. 3 wire were substituted for No. 6, one-half the energy loss in the 
line wire would be saved, the cross-section and weight being twice as 
great, and the cost of the insulated conductor would be nearly doubled. 
With No. 6 wire the total weight of copper would be 2,098 lb. and the 
cost of the wire (insulated) would be about $500. It Is doubtful if it 
would be wise to invest an additional $500 in order to use No. 3 wire and 
save one-half the energy or 238 watts, unless the cost of energy is quite 
high. 



Fig. 144.—Diagrammaticaliy illustrating a loop circuit. 


226. Parallel Distributing Circuits (Figs. 144 to 148), some¬ 
times called multiple circuits, are widely used for the distribu¬ 
tion of electrical energy for lighting, power and heating. Com- 


Crooker’s Electkic Lighting- 





Distribution Center* - 

I'm. 147.—'Example of a feeder and main distribution. 
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mercial parallel circuits are so designed that the voltage be¬ 
tween the two sides will be approximately constant under all 
conditions of load. That is, sufficient copper is used to pre¬ 
vent the voltage drop in them from exceeding a certain small 
percentage of the receiver voltage which should in each case 
be determined by the character of the connected apparatus. 



Fig. 148.—I Ungrammatically illustrating a ring circuit. 

Or a voltage regulator of some sort is used to maintain the 
voltage at the load ends of the feeders approximately constant. 
In dealing with parallel circuits, it is frequently assumed that 
the voltage, impressed on the circuit by the generator or other 
source of energy, is constant. 



227. An Important Advantage of the Faader-and-mala Sys¬ 
tem (Fig. 149) is the opportunity it offers for close voltage 
regulation at the receivers. Receiving apparatus is not con- 
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cted to the feeders so the voltage regulation on them is un- 
Lportant. The regulation on the mains and services is im- 
>rtant but they are made of wire sufficiently large that there 
11 not be much voltage drop, even at full-load, between the 
stribution center, where the mains connect to the feeder, 
id the most distant point on the main. The voltage should 
: maintained practically constant at the distribution center. 

228. Small Pressure Wires Are Sometimes Carried From 
e Distribution Center Back to the Generating or Sub-station 

it is possible at any time to know exactly the voltage at 
e distributing center. Then the voltage at the center is 
aintained constant by varying the voltage impressed on the 
eder at the station. Frequently the voltage at the distribu- 
on center is thus maintained constant with a potential regu- 
tor.* The varying or adjustment of voltage may be either 
anual or automatic. 

229. In Laying Out an Out-of-door Feeder-and-main Cir- 
dt the territory to be served is subdivided into a number of 
stricts by collecting customers in proximity to each other 
to groups located as near as may be at equal distances from 
number of distributing centers. From these centers, the 
eders are carried to the station while frbm the centers extend 
te mains, each of which serves its own groups of customers, 
hus the entire territory is split up into a number of subdivi- 
ons, each in the most direct electrical connection with the 
mtral station. Each distribution center is fed by a separate 
id independent set of feeders. 

230. In Interior Feeder-and-main Systems it is seldom 
■ajsible to regulate the voltage on the supply ends of the feeders 
> as to keep it constant at the center. But most of the vol- 
tge drop in the interior system can be confined to the feeders 
» that the voltage on the group of mains and branches served 
y a given feeder will be nearly the same and all of the lamps 
mnected to them will bum at about the same brightness, 
urthermore, the system is so sectionalized that the effects 
f trouble can be confined to small areas and that the trouble 
an be readily located. 

• See the euthor'e Fkaotical M&mcrmamt* 

13 
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231.. A Ring Circuit, Fig. 148, is one wherein the mains form 
a closed ring. This is a special case of a feeder-ami-main 
circuit. In out-of-door distributions ring mains are sometimes 
carried around a city block or around a certain district and 
branch mains or services are fed by the ring main. One feeder 
may serve a ring main or several may connect to it, each at a 
different point. In interior electrical-energy distributions, 
ring mains are seldom used except in industrial plants. It is 
sometimes expedient to carry a ring main around the interior 
of a shop building and connect motor taps and lighting 
branches to it at the most convenient points (Fig. 148). This 
provides a very flexible arrangement because there is then no 
location in the building very far away from the main, hence 
new motors or lights can be installed readily and economically. 




LIGHTNING PROTECTION APPARATUS 


232. The Term Lightning Protector Is Used in Preference 
to Lightning Arrester in this discussion because it appears that 
the latter designation more accurately describes the service 
which the apparatus in question renders. The word “arrest,” 
according to the dictionary, means to “stop action of.” The 
so-called lightning arresters do not in every case stop the action 
and effects of lightning nor does any manufacturer make the 
claim that they are infallible. They do, however, afford 
protection or insurance against lightning damage to electrical 
apparatus. The measure of protection which is afforded is 
determined to a considerable extent by the investment which 
can be made in protective apparatus to supply the protec¬ 
tion. In this respect the cost of protection against, ligh tning 
is similar to the cost of protection against fire or accident. We 
will, therefore, in what follows, refer to lightning protectors 
rather than to lightning arresters. The general term “light¬ 
ning protection equipment ” applies not only to lightning pro¬ 
tectors, but also to other allied devices which serve to minimize 
lightning damage to electrical apparatus. 

233. The Term Li g h t ni ng Has a Specific Significance when 
used in connection with electrical apparatus protection. 
When thus used “lightning" implies to any sort of excessively- 
high-voltage disturbance in an electrical generation, trans¬ 
mission or distribution system. 

N« rrs,—ffominercial lightning protectors are designed to protect only 
against the effects of transient abnormal voltages. They are not, as a 
rul<t, designed to protect against the effects of continued abnormally high 
voltssges, regardless of how much such high voltages may originate. 

234. Lightning May Be Divided Into Two General Classes, 
atmospheric lightning and internal lightning. Each of these 
is defined in following article*. 
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235. Atmospheric Lightning is that due to the equalization 
of a difference of potential between two oppositely electrified 
clouds or between a cloud and the earth. The lightning 
strokes or lightning flashes with which everyone is familiar 
are manifestations of those phenomena. 

236. Atmospheric Lightning May Effect an Electrical 
System in Either of Two Ways—by a so-called direct stroke 
or by an induced stroke. 

237. A Direct Stroke is one where a lightning-discharge 

current between a cloud and 
the earth selects, for a portion 
of its path, a part of the electrical 
system. Then that system is 
said to be “struck by a direct 
stroke.” Lightning protectors 
are not, as a rule, capable of 
affording absolute protection 
against direct strokes. If the 
current of a direct stroke passes 
through a lightning protector, 
usually that protector is de¬ 
stroyed. Direct strokes or¬ 
dinarily strike only aerial pole 
lines. An overhead ground 
wire strung (Fig. 150) above, or 
adjacent to, the pole line and 
connected with the earth at 
frequent intervals affords the 
most effective protection against 
direct strokes. Observation has 
indicated, that the current 

of a direct lightning stroke will not flow along a transmission 
line for a very great distance. It will usually find, through 
some insulation breakdown, a path to earth a relatively few 
feet away from the point where it “struck” the line. 

238. An Induced Stroke is one whereby an abnormally 
high potential is developed on the electrical system, due to 
induction, by an atmospheric lightning discharge. Protec- 



Fig* 150*—Ground wire over a 
three-phase transmission circuit. 
(The line wires take the positions 

1, 2 and 3.) 
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tion against the effects of induced strokes is usually satis¬ 
factorily provided by a suitable lightning protection apparatus 
such as will be described. The induced are much more common 
than the direct strokes. 

239. Internal Lightning, so-called, is any abnormal voltage 
rise due to changes in the load on the electrical system. Ex¬ 
amples of internal lightning are the abnormal conditions due 
to excessively high voltages which may occur particularly in 
high-voltage systems and which are caused by the opening 
or closing of switches or by an intermittent ground. Internal 
lightning effects are sometimes called surges. 

240. A Lightning Protector Is an Electrical Safety Valve.— 
The duty of the protector on an electrical system is to relieve 
the system of abnormally high voltages, in a manner some¬ 
what analagous to that in which a safety valve relieves a 
steam boiler of an excessively high pressure. Just as the 
safety valve should stop the 
escape of steam after the 
abnormal conditions have 
been relieved, so should a 
lightning protector stop the 
flow of current after the high 
potential has been relieved. 

Thus, any device which will, 
under the influence of a voltage 
above normal, permit current 
to flow through it and which 
will, when the abnormal con¬ 
dition ceases to exist stop 
the flow of that current, constitutes a lightning protector. 

241. How a Lightning Protector Protects may be understood 
from a consideration of the diagram of Fig. 151. Assume that, 
due to some cause or other, the potential of the line L becomes 
much higher than that of the earth or ground. That is, as¬ 
sume that an abnormally high voltage, V, exists between the 
conductor L and the earth underneath it. Such a high voltage 
might originate either from atmospheric or internal lightning, 
as above described. The tendency of this voltage would be 



Fig. 151.—The principle of the 
lightning protector. 
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to force a current from L to the earth. This current would 
select the path of least opposition. If there were no protection 
apparatus associated with the line, tlfe path of least opposition 
to ground would, probably, be through tfce windings of the 
generator, M, to its frame and from thence to earth, A , as shown 
by the dotted lines. That is, the high voltage would break 
down the insulation of some of the windings of M and force 
a current through them to ground. This would damage the 
machine and might, possibly, “burn it out.” Now if an air 
gap, G, were connected between the line wire and ground, as 
shown, the path LGE through the gap to ground would prob¬ 
ably offer much less opposition, to the flow of the lightning dis¬ 
charge current, than would the path LCMA through the gen¬ 
erator to ground. The reason for this is that the path through 
the generator would probably be one of relatively high induc¬ 
tance, whereas the path through the air gap, (?, to ground 
would be one of practically no inductance. 



Fig. 152.—Diagram indicating typical arrangement of lightning protection 

equipment. 

Not®. —Lightning discharge currents are always of high frequencies or 
the equivalent thereof. Hence, a path containing inductance offers 
great opposition to their flow. It is a fact that* the electrical opposition, 
that is, the impedance offered by an inductive circuit to the flow of an 
alternating current increases as the frequency of the current increases. 
Therefore, the abnormal potential on L would probably be relieved by a 
flow of high-frequency current through 0 to the ground, E. The air 
gap, G, is long enough to prevent its break down and a flow of current 
under normal conditions. Mg. 152 will give a better idea of actual con¬ 
ditions. The resistances, Rt and R%, are provided to limit the current 
so that after the abnormal voltage condition has been relieved the gen¬ 
erator, Mi, would not force current via the path &iR%Mn0%> If then© 

* Se© th* author'© Practical. JSmso^o®t. 
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resistances or tlieir equivalent were not provided, the generator might 
continue to force current via the path shown even after the abnormal 
voltage condition had been relieved. The reason is that after an electric 
a rc has been established across a gap, a relatively small voltage is suffi¬ 
cient to maintain it. A number of different devices which are used in 
practice as an equivalent for the spark gaps illustrated in Figs. 151 and 
152 and some schemos utilized for preventing the flow of current after 
th© high voltago has boon relieved are described in succeeding articles. 

N'otb.—I nstead of there being a difference of potential between the 
lino, LiLt (Fig. 152) and the earth there might be an abnormal difference 
of potential or voltage (internal lightning) between LJj t . If the gaps 
Ox and <7j, wore not provided this excessive pressure might break down the 
insulation in M and damage it. But with the gaps, G t and <? 3 , in place, 
the equalization current would flow via G{RiR^3 t so that then the machine 
■would not bo damaged. 

242. The Function of a Choke Coil, CiC 2 , Fig. 152, in light¬ 
ning protection is to increase the inductance, therefore opposi¬ 
tion, of the circuit in which it is inserted. It thereby tends 
to force the “high-frequency” lightning current to ground 
through the lightning protector. Commercial types of choke 
coils will be described in following paragraphs. If a surge, 
duo to external or internal lightning, travels along a trans¬ 
mission line, it induces a very high voltage in any inductive 
winding which it encounters. Hence, unless choke coils, 
which are specially designed to provide this inductance, are 
inserted between the line and the apparatus (transformers or 
generators) the high voltage is likely to be induced in the turns 
of the apparatus and cause an insulation breakdown and con¬ 
sequent damage. 

N*otb.—S uch damage may be extremely serious if the current circulated 
by the generators on the system follows the path provided by the ab¬ 
normal voltage. Where choke coils are inserted as shown in Figs. 151 
and. 152 the high voltages will be induced in the ends of the choke coils. 
Damage to the choke coils should not, however, occur, because the coils 
are specially designed to withstand these abnormal conditions. 

242. An Important Distinction Between an Alternating Cur¬ 
rent and a Direct Current From a Protector Standpoint is that 
the alternating voltage decreases to zero twice in each cycle, 
whereas a direct voltage is always in the same direction. The 
consequence is that the are sustained by a direct-current gen- 
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erator through a spark gap after the lightning discharge cur¬ 
rent has passed is more difficult to extinguish than the arc 
similarly sustained by an alternating-current generator. 
That is, it is more difficult to stop the flow of a direct current 
through the spark gap of a lightning protector than it is to 
stop the flow of alternating current. How these character¬ 
istics are recognized in the design of lightning protectors will 
be described. First the direct-current types, then the alter¬ 
nating will be treated. 




Fig. 153.—Illustrating the prin- Fig. 154.—Protector on car—most 
ciple of the magnetic blow-out desirable arrangement, 

lightning protector. 

244. A Magnetic Blow-out Direct-current Protector is 
shown diagrammatically in Fig. 153. The spark gap, G, is con¬ 
nected in series with a blow-out coil, B. When the air gap, 
G, is broken down by an abnormal voltage, current flows from 
the line via OGBR to the earth, E. The tendency is for the 
current impelled by the direct-current generator to continue 
to flow across G. However, B develops a magnetic field as 
shown. An arc can not exist in a sufficiently strong magnetic 
field. The power-current (generator-current) arc is, there- 
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fore, “blown out” by the field. The resistance, R, limits the 
current. 

246. Lightning Protectors on Electric Railway Cars may be 
arranged as shown in Figs. 154 and 155. to protect the appa¬ 
ratus on the car. Protectors should also be installed at inter¬ 
vals along the trolley line.* Note that choke coils, C 7 con¬ 
stitute part of the car equipment. 



Fig. 155. 



Fig. 156. 


Fig. 155.—Protector on car, alternative arrangement. 

Fig. 156.—Sectional diagram of the carborundum-block arrester. 

(NoTuf.—The connection shown in B is not quite so effective as the one shown in 
A, due to the greater length of wire on the protector circuit. If it seems necessary to 
use the connection of B the arrester may be placed on the roof of the car, in the vestibule 
or under the car, without affecting the inductance of the circuit of the arrester. When 
such a connection is used, however, a larger choke eoil than in A is necessary to offset 
the greater inductance of the arrester circuit). 


246. A Carborundum Block Protector, which may be used 
on either direct or alternating-current circuits operating at 
pressures not exceeding 750 volts, is shown in Fig. 156. This 
has been designated by its manufacturer:!: as a multipath pro¬ 
tector, because of the fact that there are many paths provided 
to ground for the lightning discharge current, ft consists of a 
disc or block, B, of carborundum granules bound together with 


* See the author’s Wiring foe Light and Power. 
t General Electric Company. 

t Westlnghouse Electric & Manufacturing Company. 
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a dielectric binding compound. On cither face of the pro¬ 
tector is mounted a metal terminal plate, I\ and P». A small 
gap, 0, is provided for line voltages of from 400 to 750. The 
two terminals, E and L, are connected between ground and 
lino respectively. When under the influence of an abnormally 
high voltage the dielectric is broken down, the protector oper¬ 
ates permitting current to flow. When the abnormal voltage 
is equalized the current flowing through the block censes be¬ 
cause the many minute electric arcs through the block can not 
bo maintained by the generator pressure. 

247. The Condenser-type Protector for direct-current cir¬ 
cuits is diagrammed in Fig. 
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The two gaps, G z G iy on the ground side of the current- 
limiting resistor, have connected in multiple around them a 
solenoid, S (Fig. 158). When a current of sufficient intensity 
passes through S, the iron plunger, P, is lifted by the magnetic 
effect thereof and then opens the circuit at B. It is due to 



Fig. 158. —The diagram of “circuit- Fig. 159. —The Garton-Daniels 
breaker-type” lightning protector. lightning protector. 


this device that the protector is called the “circuit-breaker” 
type. When the protector is discharging the high-frequency 
current of a line at abnormal voltage practically all of this 
current passes directly through the path LiGiG^G^GJlii to 
ground. The inductance of the solenoid S is so high that prac¬ 
tically none of the high-frequency current will go through it. 
However, if the power current foEows the lightning discharge 
current through the protector, this power current wiU not, 
because of its low frequency, pass across gaps GjGt but will, in 
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preference, take the path of lesser opposition through S. 
Thereby the plunger is raised and the arc extinguished. 

249. Non-arcing Metal Cylinder Protectors (Figs. 160 and 
161) may be used on alternating-current circuits operating at 
pressures below 300 volts. The metal cylinders are usually 

.'Cast Iron Case • Porcelain 



Fig. 160.—Illustrating the prin- Fig. 161.—Double-pole, non-arcing 
ciple of the non-arcing metal gap metal cylinder protector, 

protector. 


composed of a copper-zinc alloy. In an alternating-current 
circuit, an arc, established by a lightning voltage, will not be 
maintained between these cylinders by the power current. 
The reason is that the arc will extinguish when the power 
alternating-current wave passes through zero. The zinc in 
the alloy vaporizes at a relatively low temperature and this 
vapor tends to quench the arc. There is also a rectifying 
phenomena in a protector of this character. The metallic 
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vapor conducts the current in one direction only. Therefore, 
when the current reverses, the metallic vapors tend to cool 
below the arcing temperature before the alternating-current 
wave is completed. Thereby, the arc may be extinguished. 

250. Protectors Comprising Non-arcing Metal Caps with 
a Resistance in Series may be used for alternating-current 



Fi®. 102.—Mulfcigap alternating- 
current arrester with series resistance 
arranged for pel© mounting. 


circuits operating at pres¬ 
sures below 3,000 volts. A 
protector of this type (Tig. 
162) comprises a sufficient 
number of spark gaps to 
prevent the passage of cur¬ 
rent at normal voltage. In 
series with the gaps is ar¬ 
ranged a resistor to limit 
the dynamic (generator) cur¬ 
rent which tends to flow to 



Fig. 163.—Multigap protectors 
mounted on a pole for trans¬ 
former protection. 


ground after an arc has been established through the gaps 
by a lightning discharge. Fig. 163 shows how three pro¬ 
tectors, Pi, Pn and P», of this type may be mounted on a pole 
for transformer protection. L\, Li and La are the line wires. 

251. The Graded-shimt Resistance Protector, the principle 
of which is illustrated in Fig. 164, consists of a series of spark 
gaps ((?i to (r u) associated with resistors which are shunted 
around them. Protectors of this general type are manufac¬ 
tured for voltages of from 1,200 to 13,000. That shown in 
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Fig. 164 is for 2,200 volts. There are three alternate paths 
for discharge through the protector of Fig. 164. One path 
comprises all of the gaps, Gi to (hi, in series. Another path 
comprises four gaps (G i to G t ) in series with a relatively low 
resistance Ri. The other path comprises two gaps, (h and 
0%, in series with a high resistance R%. Three paths to ground, 
each of a different impedance, are thus ofTerod through the 
protector. Thereby a discharge of any frequency will find a 



multipath ” lightning arroiter. wooden box lor outdoor iaiteltntion. 


path of a relatively low impedance for it to ground. The path 
comprising the high resistance and the two series gaps is for 
discharges of low frequency or for discharging gradual accu¬ 
mulation of static electricity. Discharges of medium frequen¬ 
cies will select the path comprising the low resistance and the 
four series gaps. Discharges of high frequency will select the 
third path which includes only the gape in series. 

Nora.—Why the lightning takas different paths may be explained 
thus:* When the gape of a protector are shunted by a low reaiatanee a 
discharge of the high frequencies finds it relatively difficult to paces 
through the resistance rode. This is because id the impedance of the 

* Chtttril Ektftfto (.y. 
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rods. However, such a discharge will follow with relative ease across all 
of the gaps because of the permit five (electrostatic capacity) effect of 
the gaps. The series of gaps is, in effect, a number of permittors (con¬ 
densers) in series. The higher the 


frequency the more pronounced is 
this effect. Hence, the discharge’s 
select the paths through the gaps and 
resistances which offer the least opposi¬ 
tion. Which path is selected in any 
case will be determined by the fre¬ 
quency of the lightning discharge. By 
frequency is meant not the generator 
frequency hut the equivalent lightning 
frequency which may he hundreds of 
thousands, or even millions, of cycles 
\mv second. If the power current 
tends to follow a lightning discharge 
it will , because of its relatively low 
frequency, select one of the paths 
through a resistance which will limit it. 
Due to the rectifying effect (described 
above) of the spark-gap cylinders, the 
arc should bn extinguished at the end 
of the first M flyele after the generator 



Fici. 166.—The M cuppitd-dlse- 
mp** protector. (Wettinghouse 
Bite* Mfg. Company.) 


current h<uistarted to flow. Fig. 1115 


shows one of these protectors arranged in a wooden box for outdoor work 
installation. Q in the ground wire and L k the line wire. 
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282- A Cupped-disc Gap Protector is delineated in Figs. If Ml 
and 167. This type of equipment may be designed for alter¬ 
nating-current pressures of from 3,000 to 13,(KM) volts. It 
comprises (Fig. 166) a series of cup-shaped discs, />, of a non¬ 
arcing metal supported on an insulating rod, together with a 
resistance, R, in series. The line wire is connected to terminal, 
L, and the ground wire to (L This form was designed specially 
for distributing-transformer protection and in practice is ar¬ 
ranged on the pole line as shown in Fig. 167 by suspending it 
from the line wire with a porcelain insulator. Pi, P% and P% 
are the protectors. 



Fm. 1118 .— Ilfirsi-gip protector for A. V, m*rh* i 


263. Hom-gap Protectors are shown in Figs. I OH and 160. 
An electric arc once established, due to Home cause or other, 
tetween two horns tends to extinguish itself. The arc rises 
on the horns, due to the upward flow of the column of hot 
gases and finally attains a length of gap which it cannot main¬ 
tain. Fig. 168 shows a protector of this tyjw for use on alter¬ 
nating-current series street lighting circuits where the normal 
pressure does not exceed 1,500 volts. L t and L t are the line 
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Pici. Horn-gap* ehoko-coil pro- Fici. 170.—*This Piurco lino-wlr#, 
tee tor for iiltenmting-fiurmit lines. horn-gap protector, (Tho Iron pip# 

ante in ii chok# coll.) 



Fto* 171.—Tti# Burk# mMpQn&Qm Pta* 172*—' ITit General llnetrl© 
Ilglitiittg protestor for ptimmm up Cmtprny compr«wi<m-ty p# lightning 

to 0000 wolfe nroteeto*. 
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wires and K is the ground connection. Protectors of this same 
general form are manufactured for alternating pressures tip t 

to 9,000 volts. Abnormal voltage conditions, due to surges, 
are common on alternating-current series lighting circuits. 

Such surges may be caused by the opening, short-circuiting 
or grounding of the circuits. These simple, horn-gap protec¬ 
tors appear, for this service, to provide effective protection. : 

Electrolytic protectors, the principle of which will be described 
later, are preferable for the protection of direct-current series 
lighting circuits. Figs. 170 and 171 show recently developed 
types of horn-gap protectors arranged for suspending on line i 

wires. In both of these illustrations: Li is the line-wire con¬ 
nection; L% leads to the apparatus (or choke coil if there is 
such); and G is the ground wire. A current-limiting resistor T 

It is provided in the protector of Fig. 171. 

264. A Combination Choke Coil and Hom-gap Protector is 

shown in Fig. 169. These protectors are designed for alter¬ 
nating-current voltages of 33,000 ami above. If an arc is 
established across the gap G it tends to rise and extinguish 
itself as above described. And, furthermore, the choke coil 
produces a magnetic field which, because of the phenomena { 

described above in connection with a magnetic blowout pro- < 

tector, assist in the rapid quenching of the arc. j 

265. The Compression-type Protector (Fig. 172) comprises j 

a number of gaps arranged in series with a resistor inside of a ' 

closed porcelain tube. An iron tube which is grounded, sur- j 

rounds the air gaps and ciquaHr.es the electrostatic! gradient. 

When a discharge passes Imlwcen the metal electrodes which j 

form the gaps, it expands the air and compresses it, thus ex- < 

tinguishing the arc. Protectors of this type are most fre¬ 
quently used on 2,200-volt pole lines for distributing-trans¬ 
former protection. They have a limited discharge capacity. 

266. The Electrolytic Lightning Protector, provides, prob¬ 

ably, the most effective insurance against lightning damage 
now known. Protectors of this type can l*> furnished for 
alternating-current and direct-current circuits of any com¬ 
mercial voltage. Their disadvantages are that they are : 

relatively expensive and that they require a certain amount 
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of attention. However, these disadvantages are of minor 
consequence when expensive equipment is to be protected. 


Only the alternating-current 
protectors will be described 
here. 

257. The Principle of the 
Electrolytic Protector may be 
understood from a consideration 
of Figs. 173 and 174. The 
protector consists of a stack 
(Fig. 173) of cone-shaped, 
aluminum plates or trays spaced 
about 0.3 in. apart. A solution 
of electrolyte is poured into the 
spaces between the plates. The 
completed stack is mounted in an 
iron tank which is then filled 
with oil. The oil not only pre¬ 
vents the evaporation of the 
electrolyte but also prevents a 
rapid rise in temperature when 
the protector is discharging. 
The upper plate of the stack 
is connected to a horn gap (Fig. 
175). The lower plate is also 



Fig. 173.—Sectional elevation 
of a General Electric Company 
electrolytic protector. 


usually grounded on the tank which is also (on a grounded 


neutral system) connected to ground. 
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268. The Chemical Action of the Electrolyte usually is 
such that it forms on tho surfaces of the aluminum plates a 
film of hydroxide of aluminum. At voltages below about 
350 (Fig. 174) this film has an exceedingly high resistance. 
However, at voltages in excess of 350 the resistance of the 
film is very small. Thus, an electrolytic cell arranged as sug¬ 
gested, forms an electrical safety valve which operates at a 
pressure of approximately 350 volts. However, at voltages 
below 350 some current would flow through tho protector if it 
were loft connected to a “line” circuit wire. Therefore, it is 



Fig. 175.— 8ch(*niatic connection diagram for a grmmdftd-noutral, three- 

phfifio electrolytic protector. 


necessary to connect in series with it a horn gap, aa shown in 
Fig. 175. The number of aluminum plates which is neces¬ 
sary to connect it in series is determined by th© normal 
voltage of the line to be protected. There should be one cell, 
approximately, for each 350 volts of normal line pressure- 
Fig. 176 shows the construction of an electrolytic protector 
for 150,000 volts. Fig. 177 shows a complete installation. 

Now.—for charging an electrolytic protector the horn gaps are closed 
together by moving a suitably arranged lever. One side of the hom gap 
is hinged to provide for this. 


259. The Arrangement of Electrolytic Protectors 


on 
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is grounded, a voltage greater than the normal voltage be¬ 
tween phase wires (Li, L 2 and L 3 ) can never be impressed across 
any one of the three cells (1, 2, and 3) if they are arranged as 



Fig. 176.-—Section through a general-electrio-company 116,000- 135,000-volt 
electrolytic arrester tank. 

shown in Fig. 175. However, if the neutral is ungrounded 
and an accidental ground occurs some place on the line, a 
voltage equal to almost twice normal voltage (1.73 X normal 
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voltage) would be impressed across one of the protector tanks 
if only three were used (Fig. 175). Therefore, where the 
neutral is ungrounded, a fourth cell or tank (4) is placed in 
the ground lead, as diagrammed in Fig. 178, to insure that a 
voltage greater than normal will never be impressed across 
any one of the four cells. E is the ground connection. 

260. In, Selecting Choke Coils it is necessary to exercise 
judgment. In a general way the protective ability of a choke 
coil increases as the square of the mean diameter of the coil. 
"With choke coils of equal length and equal mean diameter* 



Fio. 170.— 100-amp, chok© coil designed for pressures of 0600 volts and lower. 

(General Electric Company.) 

the protective ability varies as the square of the number of 
turns. From the standpoint of lightning protection a large 
choke coil is desirable. However, the larger the coil the 
greater its impedance and resistance. If a coil is too large 
the voltage drop and energy loss in it will be excessive, hence 
in. selecting the coil it is desirable to consider these features 
and choose one of a size which practice has shown to provide 
sufficient protection without excessive energy loss or voltage 
drop. 

261. A Choke Coil for low-voltage Circuits is shown in 
Fig. 170. It comprises merely a coil of insulated wire of 
sufficient cross-sectional area to carry the current of the cir¬ 
cuit into which it is to be connected. This coil is wound on 
an insulating core which is mounted on an insulating base. 
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Suitable terminals aro provided. The corn is not necessary 
except to insure mechanical rigidity. Home-made choke coils 
can be readily constructed by forming a helix of wire. 

262. Air-insulated Choke Coils for higher voltages are con¬ 
structed as suggested in Pigs. 180, 181 and 182. The type 
shown in Fig. 180 offers very effective protection, but is cx- 



Fio. ISO.—Westinghoune "pan- F*o. J8I.—fSwnernl McctHn Ctmt- 
eafco type ” Choke coil for pretnrares pany "hmsr-jjlttMt" rhok#* roil in* 
of from 2200 to 25,000 volte. imlatotl for 35,000 volta. 


pensive because of the large amount of copper involved in its 
construction. Hence, coils of tho general design of Pigs. 
181 and 182 (A is the apparatus terminal and L the line 
terminal) are used more frequently, particularly on very high- 
voltage lines for which the construction of Fig. 180 would 
not be suitable. 

263. Oil-insulated Choke Coils are sometimes used on 
high-voltage alternating-current line# and comprise merely 
(Fig. 183) a coil immersed in a suitably-insulated and designed 






Fig. 182.—Air-insulated choke coil for ^ig. 183.— W estinghouse oil- 
pressures up to 150,000 volts. insulated, self-cooling choke coil 

for pressures of from 25,000 to 
70,000 volts. 

264. Application of Alternating-current Lightning Protec¬ 
tors.—The following table indicates in a general way the 
services for which certain of the Wes tinghouse protectors of 
the different types are fitted. The price increases from the 
top to the bottom of the table. 












CENTRAL STATIONS 


*• « ft 

! H 


t 11 * 1 

i ill i 

p p P tf p 


**« t jr 

8 . * t * 

pin 

Sif rk 

m m» <1 • 


cl 

“d° 




‘SH-ssi-g 


l£ I* 



II i 


■4T o* protect sju 























SECTION 12 


AUTOMATIC VOLTAGE REGULATORS 

265. The Desirability of Maintaining Constant the Voltage 
Impressed by a Generator is well recognized. This is par¬ 
ticularly true where an incandescent lamp load is served by 
the generator. The graph of Fig. 184 shows that a small de¬ 
crease in voltage results in a material decrease of candle- 
power and wattage. A decrease in the wattage involves a 
corresponding loss in revenue 
to the central station. A de¬ 
crease in candle-power in¬ 
volves dissatisfaction of the 
consumer. 

Example. —Referring to the 
graph of Fig. 184, a 2 per cent, 
decrease in voltage decreases the 
candle-power to 93H per cent, 
of the normal candle-power and 
the wattage to 96per cent, of 
the normal. Furthermore, fewer ^ _ 

lamp renewals are necessary where + . IG V showing vana- 

WO AAOVCDDaAJ VV can( JJ 0 p QWer Wa ttag0 Of 

the voltage impressed on the tungsten lamps with variation in im~ 
lamps is maintained constant and pressed voltage, 
also higher-efficiency lamps may 

be used. When the voltage increases above normal, the lives of the 
lamps are correspondingly decreased. While for the operation of motors 
it is not so essential that the voltage variation be a minimum, it is de¬ 
sirable because burn-outs of motors and control apparatus may result 
if the voltage is too low. 

266. There are Several Factors Which Tend to Cause 
Variations in the Voltage impressed by the generator on the 
bus-bars. The prime-mover speed may not be constant— 
this holds true for both steam prime movers and waterwheels. 
Voltage variation can also be due to the I X R drop in a gen- 
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erator which increases with the loach With alternating-cur- 
rent machines, variation in generator voltage will rent!It when 
the exciter voltage varies due to some cause or oilier. 

267. The Function of the Automatic Voltage Regulator is to 
maintain constant the voltage which is impressed by a gen¬ 
erator on the bus-bars. This function is performed accurately 
and most satisfactorily by automatic regulators of the Tirrili 
type, the principles of which will be described in following 
articles. 



Fio, 185. — Arrangfanent of an automatic voltago regulator ft* r » mmll 
direct-mirrcnt generator. 

268. The Principle of the Automatic Voltage Regulator m 

illustrated in Fig. 185. The voltage impressed by any gen* 
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increases. When the generator voltage has attained normal 
the short-circuit around the field rheostat is removed and the 
voltage then tends to decrease. In an actual regulator con¬ 
trolling a generator serving a varying load, this short-circuit 
is continually being placed around the rheostat or moved 
therefrom, as occasion demands. The result is that the con¬ 
tacts which make and break the short-circuit path are moving 
continually somewhat as the contacts in an electric vibrating 
bell move. However, the vibration of the automatic regulator 
contact is not uniform because under certain constant load 
conditions, the contactor may not vibrate at all. Obviously, 
then, the regulation depends on the rapid making and breaking 
of the short-circuit in contacts. 

Explanation. —The arrangement of Fig. 185, showing a voltage reg¬ 
ulator for a small direct-current generator, is designed to maintain a 
constant voltage, El, across bus-bars LiL 2 . The closing of the contact A 
short-circuits the field rheostat, R. The opening and closing of contact 
A is in turn controlled by the differential magnet M . Magnet M has 
two opposing windings, Wi and W 2 . One of these windings is in series 
with contact C, the opening and closing of which is controlled by relay 
B which is connected across the bus-bars. When C is opened only wind¬ 
ing Wi is excited. A is then opened by the pull of W%. When contact 
C is closed, W 2 is also excited, which neutralizes the effect of W\. Then 
A is closed by the action of the spring Si. Now, if the voltage, El, rises 
above normal, relay B is excited sufficiently to overcome the pull of spring 
S 2 . B then pulls down plunger P and opens contact C, deenergizing W%. 
Thereby contact A is opened, removing the short-circuit path around 
R and inserting R in the shunt-field circuit. The insertion of IK in the 
field circuit decreases the field current and excitation and decreases the 
voltage developed by G. If the voltage, Ei, decreases, the operation is 
reversed. The ultimate result is that the contacts A and C are in almost 
constant vibration. They remain either open or closed for such longer 
or shorter intervals as may be necessary to maintain El constant. 

269. Voltage Regulators for Small Direct-current Genera¬ 
tors operate on the same principle illustrated in Fig. 185 and 
described in the above explanation. The exterior appearance 
of one of these devices is shown in Fig. 186, which is lettered 
to correspond with the diagram of Fig, 185. If the shunt-field 
current is greater than can be satisfactorily ruptured by one 
contact, A (Figs. 185 and 186), several of these contacts can 
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orator fiiTl. Fig. IK7 shows only the principle, because, as 

will be described, the actual const ruction of the regulator for 

an alternating-current circuit is more, complicnted than that 
suggested in Fig. 187, 

Ivxrn a nation. If flic alternating-current generator voltage, A’/, (Pig. 
187), increases above normal the plunger in the solenoid or relay S in 
raised. This opens rein!art <G> Then winding IFa is deenergized and 
flit* pull of llh opens contact. (*t t thereby the resistance, /i, m inserted in 
the exeiter-firld circuit. The voltage A>, will derreiuto, which weuknnH 
the pull of «S % , rinsing rentart t V Then, because the effect of \\\ neutral- 
hm tfiiif of IPo spring $ will close Thereby H is short “circuited and 
the exciter-field oxritation of Gn is inenmactl. ’Thus, tho idtomating* 
ciirrciit gcuor&tor voltagct ii again riwmL 



fi«» 1 tw,-* AtitomitJlci volt mm regulator for burg* ftlt#fi*tiitg-iairritiit gen- 

tfiteri* fTtilii »how« m tfonm-pliiMe gtniHratMr*) 

271. The Actual Arrangement of Voltage Regulatori for 

Alternators is «li»gra»mm*d iri Fig, 188 ami their appearance 
shown in Figs. 189 and 190. Greater sensitiveness of control 
Is effected with this device than with those of Fip. 185 and 
187. Solenoid A m energized \ty n current proportional to the 
voltage on the hue-bars. It is usually fed through a jiotential 
transformer, H. TImj core of A is attached to a lever C. On 
the opposite end of C is a contact D and a balancing weight M. 
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When A is energized C is lifted and D is opened. The windings 
A and K (the function of K will be described later) constitute 
the alternating-current control magnet. The direct-current 
control magnet F is connected across the exciter terminals. 
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Fig. 189.—Automatic voltage 
regulator for small capacity exciters 
mounted on a 31-in. panel for in¬ 
sertion in a switchboard. 


Fig. 190.—A large capacity regu¬ 
lator having five relay contacts. 
(See Figs. 188 and 191 for diagram). 


When F is energized G is pulled down against the tension of the 
spring Si, tending to open the contact D, The pull on F is in 
direct proportion to the exciter voltage. All other features 
are substantially similar to those previously described. 
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Explanation.-— If the alternating voltage decreases to below normal 
the plunger in A (Fig. 188) (doses contact I). This permits current to 
flow via the path shown by the dotted arrows, thus closing contact I and 
short-circuiting the cxeiter-field rheostat. Thereby the exciter voltage 
and the alternating voltage is raised. Now as the exciter voltage in¬ 
creases, F is energized and contact D is raised. However, if the alter¬ 
nating voltage remains low the lower contact at D follows the upper one. 
If now the alternating voltage increases above normal contact D is opened 
which again causes H to bo inserted in the exciter-field circuit. Where 



Fig. 191.— Schematic diagram of connection® for a regulator controlling 
large ©xci torn, mv&r&l relay contacts arc used. 

th@“ exciter capacity m small or where there is only a single exciter one 
contact suffices (Fig. 189) at L In stations where there are a number of 
exciters the relay II operates a number of contacts, L There may b© 
one or more than one relay contact for each exciter as shown in Kgs. 
190 and 191. In important installations a separate regulator may be 
used for each exciter. 

272. A Voltage Regulator for Large Direct-current Genera¬ 
tors operates on a principle similar to that diagrammed in 
Fig. 188. However, in the direct-current regulator, the con¬ 
tacts must short-circuit the generator-field winding because 
there is no exciter on which they can act. 

278. The Capacity of the Relay Contacts, in amperes, is 
what, in general, determines the capacity of the regulator. 
One contact has a capacity of about 50 kw. of exciter output, 
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which is equivalent to, approximately, a 2,000-kw. alternating- 
current-generator output. Where the capacity of the exciter 



is in excess of about 50 kw., additional contacts must be ar¬ 
ranged in series, each shunting a portion of the exciter-field 
rheostat. 

274. The Operation of Generator Voltage Regulators in 
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Parallel is the practice in many important installations in 
which each generator has an individual exciter and regulator, 
the combination comprising a complete and distinct unit. 
Pig. 192 illustrates an arrangement of this type. Cross-cur¬ 
rents between the generators, which might occur because of 
the exciters having different characteristics, are eliminated by 
a certain arrangement of voltage and current transformers. 



275. Compensation for Line Drop is effected by means of a 
compensating winding ( K , Fig. 188). The object of this com¬ 
pensation is to maintain, as nearly as practicable, a constant 
voltage at a center of distribution out on the line distant from 
the generator and station. As the current through Li (Fig. 
188) increases the excitation of K increases accordingly. The 
pull of K being proportional to the line current is, in general, 
proportional to the line drop. Therefore, the pull of K , in 
combination with that of A , can be so proportioned that the 
average line drop will be compensated for by the regulator. 
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A dial switch is provided in combination with K to provide 
the proper value of compensation for the feeder circuit in 
which current transformer J is inserted. A special compensa¬ 
tor (Fig. 193) is provided where it is necessary to compensate 
for both resistive and inductive drop. 

276. Connections for Voltage Regulators for Different 
Services are shown in Figs. 192 and 194. There are almost 
innumerable possibilities in the arrangement of these regu¬ 
lators for different services. Those illustrated are typical. 



Fig. 195.—Regulator mounted at side of a switchboard panel. 


277. In Installing Voltage Regulators they may be arranged 
at the end of a switchboard attached to one of the panels as 
shown in Fig. 195 or they can, if mounted on a standard- 
panel section (Fig. 189), be incorporated directly in a switch¬ 
board. It is also feasible to mount a unit like that of Fig. 190 
on the front of a switchboard. 
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SWITCHBOARDS AND SWITCHGEAR 

278. The Distinction Between “Switchboard” and “Switch- 
gear” should be understood. By definition “switchgear con¬ 
stitutes the parts or appliances, collectively, which make up 
a complete equipment for controlling and metering the elec¬ 



trical energy output or input of an electrical station or some 
electrical device.” 

279. The Function of a Switchboard may be explained thus: 
A switchboard is that component of a switchgear equipment 
on which are mounted the meters, switch-control handles, 

229 
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rheostat handles and similar contrivances. For the control 
of small amounts of power at low voltages it is, as will be shown, 
most convenient and economical to mount all of the switch- 
gear on the switchboard, in which case the board is then said 
to be self-contained. Where the power output is large or at 



Panels are Natural Black Slate, lj In. Thick with | In. Bevel Except 
Those above 3,000 Amp, Pane! Rating, Which are 2 In. Thick 



Synchronous Converter Panels tor Engine Feeder Panels 

Driven 
Generator 


'* Panels over 4000 Amp. have Top Sections 40In High 
and for Fig. A and C are 20 In Wide. 

Generator and Converter Panels 4,000 Amp. and Less 
for Installation in the Same Board with Larger Panels 
will also be Furnished with 40 In. Top Sections. 

Fia. 197.—Unit switchboard panels for 600-volt, direct-current, railway 

service. * 


high voltage, it is necessary to install certain components of 
the switchgear at locations distant from the switchboard 
proper. That is, under those conditions “remote control” is 
utilized. A switchboard which involves remote control is 
called a remote-control switchboard. However, in general, the 
control is always effected from and by means of switches, 
meters and appliances on the switchboard. 

* General Electrio Company. 
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280. Switchboards May Be Divided Into Four Classes: 

Panel switchboards (Figs. 196 and 197); control-desk switch¬ 
boards (Fig. 198); pedestal switchboards (Figs. 199 and 200); 
and post switchboards (Fig. 201). 



trol desk and instrument board. 



current generator. 


281. A Panel Switchboard (Figs. 196 and 197) is one com¬ 
posed of panels of insulating material supported on a suitable 
iron framework. The various switches, instruments, rheostat 
handles and other control appliances are mounted on these 
vertical panels. Each panel is, for the larger switchboards, 
composed of sections. The panels are mounted side by side 
to constitute a complete switchboard. 

282. The Procedure in Laying Out a Switchboard is indi¬ 
cated in an elementary way in Figs. 202, 203, 204 and 205. 
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These show the control and measuring equipment for a small 
direct-current compound-wound generator which serves four 
feeder circuits. The first step is to make a simple “single- 
line” diagram (Fig. 202) indicating what it is desired to ac¬ 
complish with the switchboard. Such a diagram usually shows 
only the important elements such as switches, fuses, circuit- 
breakers and the like and their general relation to one another. 
Then as a second step a circuit diagram (Fig. 203), which shows 
all of the devices which are to be incorporated, can be made. 



Fia. 203.—Circuit diagram for switchboard lay-out for a single compound- 
wound generator. 

Working from this basis the equipment can be arranged on the 
front of an insulating panel of suitable size (Fig. 204). Then 
the arrangement of the apparatus and wiring on the back of the 
board can be worked out as suggested in Fig. 205. After the 
layout of the back of the board has been examined it may be 
necessary to alter the locations of certain equipment on the 
front. The front and rear layouts must be developed in 
conjunction. It is not practicable to develop one inde¬ 
pendently of the other. The lettering on Fig. 203 corresponds 
with that on Fig. 205. 

283. In Arranging the Switchboard Panels it is usually 
desirable to locate the generator panels (Fig. 206) at the left 
and the feeder panels at the right, although it may be advisable 
to depart from this practice under certain conditions. Totalize 
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ing panels or tie-bus panels may be inserted between the 
generator and feeder panels ius shown at T, I' ig- 200. 
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self-contained switchboards. Panels for switchboards of 
medium or large capacity are almost universally made 90 in. 
high (Pig. 197). The “unit” sections of a 90-in.-high switch¬ 
board are, in accordance with the practice of one manufac¬ 
turer, of the heights indicated in Fig. 197. Where only two 
sections constitute a panel, the lower slab may be 25 in. high 
and the upf>er slab (55 in. A different manufacturer uses a 
02-in.-high upjter slab and a 28-in.-high lower slab. The 
general practice is now, however, to always use three sections 
for 90-in.-high panels, in which case the section heights may be 
as shown in Fig. 197, or instead, the upper section may be 20 
in. high, the middle section 45 in. and the lower 25 in. high. 

Note.— It has iicwi explained that the reason why these particular 
dimension# went adopt M in that a 20-in.-high section, at the top is of 
ample proportion# to support the standard brush-type carbon circuit- 
breaker, which m often located at the top on the switchboard so that the 
arc which nmm from it, when it operates under load, cannot do damage. 
The height# of iin&ll wngUnioction panel switchboards like that of Fig. 
196 have no t been thoroughly standardized. One company uses a 
height overall of & ft. 4 in., where feasible, for boards of this general design. 
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Fio. 208.—-Wrought-iron pipe sup¬ 
port for small panel. 


285. The Frames for Panel Switchboards are made either 
of wrought-iron pipe or structural-steel sections. The. com- 
♦ Wmtbt&mwm Sta # M%» Co» 
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ponents of the pipe frames are shown in Figs. 2(17 and 2<>* for 
90-in. and 64-in.-high boards respectively. '1'he pipe frames 
appear to be becoming more popular, i he geneial eonHti ue- 
tion is apparent from the illustration. Standard angle-iron 
frames are constructed as illustrated in Fig. 200. The angle- 



Fig. 209.— AqgU-iron fmmt for miU’hlxmmt,* 

iron frame provides a very rigid support lor the swilchlKmrd 
panel. In every installation a substantial channel base, C 
(Fig. 209), should be provided to form a level andmibstaritial 
footing on which the upright pipe or single members which 
support the panel can rest. 

286. Fittings for Supporting Switchgear, sometimes called 
“switchgear details,” can now be obtained in many different 
designs, some one of which will satisfy almost any condition. 
Figs. 210 and 211 show typical forma. The drawing of Fig. 
211 details the fittings for an iron pipe brace which may be 

• Westinghous© Electric & Mfg. Co* 




Fig. 2X0.—Fittings and appliances which are regularly manufactured for 
switching installations. * 


an insulator. Either slate or marble is now ordinarily used 
for this service. Slate costs less than marble and is stronger 
but is not as good an insulator; therefore, where the pressure 

* Electric Journal, May, 1913, p. 82. 
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for which insulation must be provided is more t.ha.n 750 volts 
or less than 1,100 volts the use of marble is imperative. How¬ 
ever, modern switchboards (even those for the control of appa¬ 
ratus operating at the highest commercial voltages) do not 
have extending through them, conducting members the differ¬ 
ence of potential between which exceeds 110 volts. Even 
for 2,400 and 6,600-volt switchboards the oil switches, the 
instrument transformers and the other members upon which 
line voltage is impressed are thoroughly insulated from the 
switchboard sections. 



Fig. 211.—"Wall or floor brace. 


Note. Therefore, slate sections can, from an electrical standpoint, 
be used for practically any switchboard. The marble sections soil 
easily and are, under certain conditions, almost impossible to clean. The 
black-finished slate panels will always look well if reasonable attention is 
given to them. There does not appear to be any justification for the use 
of marble as a switchboard section material except in display installations. 

288. Panel Switchboards Are Used more frequently than 
those of any of the other types because of their adaptability 
to the many different conditions. They may be utilized for 
the control of practically any direct or alternating-current in¬ 
stallation. However, as will be explained, switchboards of the 
pedestal, post and control-desk types may be desirable or 
necessary for large or complicated installations. Self-con¬ 
tained panel switchboards may be used where the voltage does 
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not exceed 6,600. Remote-control panel switchboards can 
be used for equipment operating at higher voltages. 

289. Post Switchboards (Fig. 201) are practically always of 
the remote-control type. They may be used in large installa¬ 
tions wherein they may be so located that they can be readily 
observed by the operator without obstructing his general view 
of the station interior. 

290. Pedestal Switchboards (Figs. 199 and 200) are some¬ 
times called control pedestals. These of the type suggested 
in Fig. 200 are used in conjunction with instrument posts for 
controlling generator or feeder circuits. One pedestal may be 
provided for each generating unit, which minimizes the possi¬ 
bility of the switchboard operator effecting misconnections. 
The pedestals are sufficiently low that they do not interfere 
with the operator observing the interior of the entire station. 
Equalizer pedestals (Fig. 199) are used for supporting the 
equalizer switches for compound-wound direct-current gen¬ 
erators. Such a pedestal may be located near each large 
direct-current generator so that the cost of the relatively large 
cables to the switchboard proper, which would otherwise be 
necessary, is eliminated. The application of an equalizer 
pedestal is shown in a following illustration under the heading 
“ 600-volt Railway Switchboards. ” 

291. Control-desk Switchboards (Fig. 198) are always of the 
remote-control type and are ordinarily desirable only for large 
installations. The instruments are usually arranged on vertical 
panels. In the face of the control desk are arranged the re- 
mote-control switches and indicating lamps and on its face is 
frequently mounted a miniature bus structure whereby the 
operator can observe at any time the conbination of inter¬ 
connections then existing between the generating and convert¬ 
ing equipment in the station and the lines or feeders radiating 
from it. 

292. Direct-current Switchboards are practically always of 
the panel self-contained type, with the exception that equal¬ 
izer pedestals (Fig. 199) may be, in large installations, used in 
combination with them. (The statements just preceding ap¬ 
ply to direct-current switchboards for pressures not exceed- 
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ingg 600 volts. Recently direct pressures of 1,200, 1,500, 2,400 
Qt'XidL 3,000 volts have been proposed for long-distance electric 
^a>ilways. With these relatively high voltages remote-con- 
trol switchboards of either the mechanical or electrical types 
under certain conditions, be desirable. 

293. Direct-current Switchboards for Small-capacity In¬ 
stallations may be of the general single-section panel design 
B"u.grgested in Fig. 196, which shows a switchboard for the con- 
trol of two compound-wound generators and seven feeders. 



Gf% and <?2 are the generator switches. The middle blade of 
eactx of these switches is in the equalizer lead and is unfused. 
The feeders Fi, F% and F z , for the motors, are protected by 
ciirexxit-breakers. The lighting feeders, F 4 , F 5 f F 6 and are 
pirotected by enclosed fuses. 

294. Direct-current Switchboards for Installations of 
HyCodium and Large Capacity, are practically always of the 
throe-section panel type (Fig. 197) and are 90 in. high. 

295. The Essential Circuit Diagrams for Direct-current 
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Switchboards are shown in Fig. 212. This indicates how two- 
wire and three-wire generators are connected and how one- 
wire, two-wire and three-wire feeders may be arranged. 

296. A Moderate - capacity, Two - wire, Direct - current 
Switchboard is shown in Figs. 213, 214 and 215. These 
illustrations* show the general construction of a unit section, 

Double Pole Circuit Switches 



Fig. 213.—Front view of the five-panel direct-current switchboard. 


direct-current switchboard for a medium-capacity, isolated- 
plant installation operating at a pressure of 110 volts. Fig. 
216 shows the connection diagram. Each lighting feeder is 
controlled by a double-pole knife switch protected with en¬ 
closed fuses. Each motor feeder is controlled and protected 
by a double-pole automatic circuit-breaker. Each of the two 

* Roland, Applied Electricity for Practical Men, p. 100. 

10 
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generators has its own panel and is protected by a double¬ 
pole circuit-breaker, Bi and Bi. In a moderate capacity 
installation such as this the equalizer lead from each generator 
is carried to the switchboard and connected to the center 
blade, Ei and E 2 (Fig. 213) of the main switch. 



Fig. 214.—Vertical section taken just to the right of on© cif the generator 

panels, 

297. Large-capacity Two-wire Direct-current Switch¬ 
boards are usually arranged so that an isolated equalizer 
pedestal (Fig. 199) may be used for economic reasons above 
outlined. Fig. 217 diagrams typical connections for a 
generator panel of this type. The generator panel itself is 
illustrated in Fig. 218. The feeder panels are usually 
constructed about as shown in Fig. 219. 
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298. Three-wire Direct-current Switchboards resemble, in 
general external appearance, those for two-wire circuits. The 
connections, however, are materially different in certain de¬ 
tails, as disclosed by Fig. 220. This delineates the circuit 
arrangement for a switchboard serving two three-wire 110- 



Fig. 215.—Hear elevation of the five-panel direct-current switchboard. 

220-volt direct-current generators and three feeders, one of 
the feeders being 220-volt two-wire. 

299. Switchboards for 600-volt Direct-current Railway 
Service are really two-wire switchboards but due to the fact 
that a ground return is almost always used for railway cir¬ 
cuits, certain variations from the standard two-wire con¬ 
struction is necessary. Only one side of the circuit, usually 
the positive, is carried to the switchboard as illustrated in 
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Fig. 221. Both the equalizer switch arid the negative switch, 
if such is used, may be mounted on a pedestal, F i and (see 
Fig. 199 for detail) located near the machine. The negative 
side of the line is carried to a ground connection near the 
pedestal. Hence, in effect, the earth itself constitutes the 
negative bus. By utilizing this “single-bus” design material 
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Fia, 210.-—Wiring diagram for the flve-jmmd dir**<*t 

economies in first cost are realized* B 
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Tlii» ivinotc-coni ml hoards can he further subdivided into: 
Ui) medai ft imt it matt -control, and (/>) dedr leal remole-controL 
It is usually got>d practice for all excc»pt extraordinary eon- 

ditionn, to mv seif-eonhunod .switchboards for alternating- 
current service at preasures not exceeding (5,600 volts where 
the capacity of the station does not* exceed about .3,000 kva. 
Where the capacity or the voltage exceeds the value just noted, 


/Wf/W 



Fin, 1*17, >v ♦*!**«*« tUm'Uvwrmt wnrrnUtr pitmi wiring where mpoxUrnw 

l<rf|fuUi! m u*vtl, (Iturk vi*«w*) 

remote-control equipments ^hottl.l l>n used. A feature which 
distinguishes nlternnting from direct-current switchboards is 
that it is at nmlnrd practice to use oil switches instfiad of air- 
break switches for rupturing the alternating-current circuits 
on voltages tut low ah evert 240, Inasmuch ns the three-phase 
system is now adopted for almost every energy-generating 
and transmitting installation, a majority of the alternating- 
*C II 8«»t§#f®#f»» "IfiWMim mu Mmmmmthmmmt PowMilhwrt om*** 









-t//9r.—->v.w Qi 
























'/PTmck arwlWm% 

** j £ | ’’'Earth 

Fiq. 221.—Typical connection diagram for a 600-volt, direct-current railway 

crwitciiboard. 
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current switchboards whicli are now installed are for three- 
phase service. 

301. Alternating-current Switchboards for Three-phase 
240- and 480-volt Service are (except those of great capacity) 
nearly always self-contained. The wiring diagram few a 
typical outfit of this character is shown in Fig. 222. The 
general appearance of such a board would be the same as t hat 
for a 2,400-volt board shown in Fig. 223. It should be noted 

Volt .'Rmctor s 

8 7 6 5 ^ Panels 4 ytram. ! 1 1 


I lliV't 'd I ‘l3 


k_JI_ L|lL_ tlsi. i,u 1 .hi u'1 

If jO dT II L I 

Bkr, 460 V, 3 Phase .460V, 3 * ‘ ^ "O Auta Q lSj L^J 

fml0r5 Starter £r *"*'* 

bmef Um ^ te ’ m cmmtkn$ an Shown m Vmmt fmn fimr of tkrntf, 

P»250Y, lAmp fufO} XzMQV.IAmp.fum »* Imt/n 
Connect Auto Starter m per bbgtam furrniM mth %mm 

Fig. 222.—Typical wiring diagram for a 240- or a 480-volt switdilmard.* 


that oil switches are used for the three-phase switches in this 
installation. 

301A. Switchboards for 2,200 to 2,400-volt Three-phase 
Alternating-current Service f are also nearly always self-con¬ 
tained. Figs. 223, 224 and 225 show the external appearance 
of a typical switchboard of this character while Fig. 226 
delineates the detailed wiring diagram. Fig. 227 shows a 
single-line diagram of the board. This equipment is typical 
of that which would be used in a central station which sup- 


X9 m ilrf iTi ft 


Ot (Fig. 227), and two exciters, Ei and E t , serve, together, 

* Westinghouse Bbotrlo & Manufacturing Co. 

t C. H. Sanderson, **Swiwtooa»m foe KvmmprmQrmimmwt Powm tofioitt," 
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four feeders, F 1 to Panels 1 and 2 are the combination 
generator-and-exciter panels. An automatic voltage regu¬ 
lator is mounted at the end of the board on panel No. 1. 
Panel 3 serves two three-phase power feeders. Panel 4 con- 



Fig. 223.—Perspective view of the typical 2400-volt, three-phase switchboard 
for power and lighting service in a small town. 

trols the rectifier circuits for the series direct-current .arc 
lighting. Panel 5 carries the auto-starter and ammeter for 
the alternating-current motor en'd of a synchronous motor- 
generator set which supplies the town with direct current. 
Less expensive switchboards of the general construction indi- 
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cated in Fig. 196 may be purchased for simple aliemaf ing- 
current installations but inasmuch as plenty of room is desir¬ 
able on an alternating-current switchboard the flO-in.-high 
type (Fig. 223) is usually preferable. 

Noth. —The advantages accruing through the use of remoto-mcicduin- 
ical-control switchboards as compared with self-contained switchboards 
have been thus summarized by C. II. Sanderson in his Hwitchiioaruh 
foe Alternating-Current Power Stations: (I) All high voltages 
are removed from the panels, thus permitting ready inspection of tin? 
instrument and control wiring, eliminating danger of injury to attendants 
from contact with live parts, permitting the location of the hoard to 

much better advantage m regards 
the remainder of the installation be¬ 
cause less space and less protection 
are required. (2) Panels are not 
subject to the mechanical strains 
due to automatic operation or to the 
dead weight of the apparatus. (3) 
In case of marble panels their ap~ 
F* JLjJ* *+ ''£xc/m'' y ''^memtors pe&rance is not marred by stains 

Pxo'^-Singlo-lino diagram of the hom oiL ,. (4) Violent oxplo- 

switchboard of Pig. 226. Blom which sometimes occur upon 

the opening of heavy currents or the 
possible failure of a circuit-breaker will not injure the panels and, if the 
circuit-breakers are sufficiently spaced or are enclosed in fireproof cells, 
adjacent circuit-breakers will not be affected. (5) The panels inny I m 
much narrower, the reduced cost thereof off-setting, to a considerable 
extent, the additional cost of the remote-control feature. Moreover, 
the decrease in total length of the board may result in a very material 
saving in cost. (6) A more compact arrangement of the apparatus is 
of great assistance to the operator, approaching as it does more nearly 
to the compact and efficient arrangements obtained by means of control 
desks. (7) Much shorter main connections are made posmbh*, and high 
voltages kept away from certain floors, or certain rooms by locating the 
remote-control structure properly. (8) Where » wall is used for sup¬ 
porting the apparatus, the cost of the complete outfit may bo reduced 
to very near that of the self-contained type of board, and, In some umm 
of very heavy capacities at low voltages, may be Um in cost* Moreover, 
accessible arrangements of apparatus with ample spacing® may easily 
be obtained. (9) Where a steel or masonry structure 2s used, mmm 
may be had to either side of the structure and an arrangement of this 
kind will satisfactorily accommodate the maximum amount of apparatus 
ordinarily used for either single- or double-throw arrangements* 
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302. An Alternating-current Mechanical Remote-control 
Switchboard is shown in Figs. 228, 229, and 230. A wiring 
diagram is given in Fig. 231. Boards of this general design 



Fig. 228.—Front view of the mechanically-operated remote-control switch¬ 
board. 

are suitable for applications for voltages not exceeding 35,000 
and capacities not exceeding 25,000 kva. three-phase.* It 
should be noted that all of the alternating-current control 
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Fig. 229.—Plan view of the mechanical remote-control switchboard. 


apparatus is supported on a structure independent of the 
switchboard panels. The control equipment can, for relatively 
low voltages, be supported on a wall directly back of the 

• C. H. Sanderson, Switchboards fob Altbrbatinq-Cubrbnt Power Stations. 
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Fig. 232.—Mechanical remote- 
control circuit-breaker mounted on 
wall. 



Fid. 233,— vArmn#<mt<)r»t <A 
eJhanical roxnato»c,c*ntr<4 nwif.fligwf 
utilling wall and a pipe fttinift for a 
eupporiing structure.* 
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switchboard proper, as shown in Figs. 230, I and 232. Or it 
can be carried on a specially designed pipe frame (Fig. 233) 
back of the board. Where the voltage is relatively high and 
the bus structure should, therefore, be located in rooms or 
chambers distant from the switchboard, the circuit-breakers 
can be mounted in a masonry structure as suggested in Fig. 
234. 



Fig. 236.—Remote-control oil switch in masonry-cell mounting. 


303. Electrical Remote-control Switchboards are ordinarily 
used only in the largest and most important installations. 
The small switches .which control the operation of the large 
oil power switches may be mounted on a panel switchboard, 
on a control pedestal (Fig. 200), or on a control desk (Figs. 
198 and 235). The instruments are mounted on the upper 
part of the board where a panel switchboard is used or on an 
instrument pedestal (Fig. 201), where a control pedestal is 
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utilized. With a control desk the instruments may he 
mounted on posts (Figs. 198 and 235) or on a vertical upward 
extension of the control desk. As suggested in Art. 291, on 
the face of the control desk is arranged a miniature bus struc¬ 
ture. The operation of the small switches on the switch¬ 
board permits current to flow through the magnet M, Fig. 
236, of the electrically operated remote-control oil switches, 
whereby they may be opened or closed at the will of the 
operator. In general, no two electrically operated remote- 
control boards are alike because each is usually designed to 
satisfy certain specified conditions of operation. The possible 
variations in design are almost endless, hence cannot be 
considered here. 






SECTION 14 


CHARACTERISTICS OF ELECTRIC GENERATING 
STATIONS 

304. The Procedure Which Will Be Followed in Describing 
Electrical Energy Generating Stations is this: First, certain 
general considerations relating to all generating stations, re¬ 
gardless of the types of their prime movers, will be treated. 
Secondj the adaptability of each of the different classes of 
prime movers: (a) steam, (6) internal-combustion engine, and 
(c) hydraulic, will be described. Third, stations having steam 
prime movers will be studied in some detail. Fourth , stations 
having internal-combustion engine prime movers will be con¬ 
sidered. Fifth , hydro-electric stations will be examined. 

305. In Determining the Cost per Unit of Electrical Energy 
Generated by a Station a number of factors must be included. 
Among these may be: (1) cost of fuel, if any; (2) labor cost of 
attendance and operation; (3) cost of supplies, such as oil and 
waste; (4) interest on the investment; (5) depreciation; (6) 
taxes; (7) insurance; and (8) repairs. How all of these factors 
may be recognized in estimating the total cost is indicated in 
the example just following. It is obvious that each specific 
problem must be considered on its own merits. The reasons 
for this are that the efficiencies of the apparatus involved, the 
cost of fuel, the cost of attendance and similar elements, will 
vary widely under different conditions. 

Example of Method of Determining Cost of Generating Energy. 
/ ~- J The following examples are quoted to illustrate the general procedure . 
and the principal factors involved rather than to emphasize specific 
values. The problem is this: Which would be more economical under the 
conditions to be recited, to continue to operate a steam plant or to purchase 
electrical energy from a central station? The connected load is 275 Jew. 
The maximum demand {maximum had) is 230 hw. The annual energy 
consumption is 62,700 kw.-hr. There are two generators in the plant , each 
driven by its own steam engine . No. lisa 200 -Jew, unit . No. 2 is a 75- 
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kw. unit. The charge which the central station would make would he honed 
on (1) a “ demand” or 1 ‘ readincss-toserve 11 charge of $2 per month per kw. 
of connected load and (2) an additional “energy” charge of 0.9 els. ($ 0 , 009 ) 
per hw.-hr. consumed. All of the connected apparatus is direct current, 
hence , if central-station energy is purchased, it must he direct current or he 
converted into direct current for utilization. 

Solution. —The following comprises the solution, submitted by 1L 
Berkeley Hackett, * to the above example. Owing to the values 
submitted for maximum demand and monthly energy consumption, it 
would be erroneous to assume the lO-hr.-day service during 29 days per 
month, which is the customary working period in manufacturing indus¬ 
tries, since on this basis the average hourly load would exceed the max¬ 
imum demand. In order, however, to reach any conclusion it is necessary 
to decide upon a daily operating period, consequently it will be assumed 
that the plant in question operates continuously during 365 days per 
year. While this assumption may not represent actual conditions, it 
will at least afford a basis for demonstrating the method of computing 
the yearly cost of generating energy and comparing same with central- 
station service. 

The first step will be to find the boiler capacity required to meet the 
peak load conditions, in order that fixed charges on these unit* may be 
properly accounted for. With a maximum demand of 230 kw., the prob¬ 
able “water rate" of the large engine will be 40 lb. of steam per kw.-hr., 
consequently the hourly steam consumption under these load conditions 
is: 230 X 40 — 9,200 lb. plus 10 per cent, for auxiliaries, pipe line lowes, 
etc., or a total of 10,120 lb. per hr. that the boilers must supply during 
maximum-demand periods. 

Assuming that the steam pressure is 130 lb. gage and that the temper¬ 
ature of the feed water entering boilers is 200 deg., each pound of feed 
water must receive in the boilers 1024.8 heat units to convert into steam 
at the assumed pressure. Therefore, the boilers must be capable of 
furnishing: 10,120 X 1,024.8 - 10,371,000 hmt units pa* hr. Bine© a 
boiler horse-power is equivalent to 33,500 heat units, the boiler capacity 
required will be: 10,371,000 + 33,500 - 310 h.p. Three 150 h.p. water- 
tube boilers will therefore be considered In estimating the installation 
costs. 

The second step in the calculation will be to determine the yearly coal 
requirements. With a monthly consumption of 02,700 kw.-hr., the av¬ 
erage hourly load of 24-hr. service will be: §2,700 4-24 X 30 -S§ kw. 
approximately. To allow for load fluctuations on engines and boilers, 
it will b© assumed that the water rate of the engines m 45 lb. of steam per 
kw.-hr., and that the boilers evaporate 6 lb. of steam per lb* of c oal . 
This evaporation corresponds to 51 per cent, boiler efficiency, assuming 
the heat value of the fuel to be 12,000* 

* “Calcoxatiito Cost of Power m Generated m Steam, Ekdrimt Smgimmim* 

AMmary, 1910, p, 41. 
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On a 1 nmn of h f 70l hr, jwr vrar, thf* fcifal yearly tOtntni 
iin*Ifi*Iifi|C 10 p«*r rtajf, f**r auxtliurif**, fiipr-lini? Ifrtf'., will tfiMrfmn 
!i«; hU X 45 H,TfM! / I,I .37,20!.<KH> 16, f ami r»rli jputtftil of 

coal f!vajmr«fi*H lllli, of f hf* mal mrimary to innifmratn tliia rpma* 

tify of fififUitt in* 37,31.000 :• li 0/215,100 lh ,, or .3, 110 abort Umu, 

Having ii«*ti*nuinrd flu* boilrr riiftadty awl flu* yearly mill riaiuiri 4 - 
1111 * 111 8 it m fHijwiMi* to tins yearly operating tamtH, m giv**n 

in flit; following tabulation: 

In vr\M t \in»\’ f Utnr 


\\i\i If * W"! 

r.nf 


Ow? I'20-h.p., 4-vaIv«« rngifi** rrerf e»!;, , . , 

One 020~h.p.» 4«vaIvo I'figiiio mir-f *4 /. , ; 

pyiimkf tmiM. ....... . , , . . , • 

Ttirw l.VHt.p. wafw-tuH: liMilrm rrerfrii ) 

HlW'l tiUirh foumln* h m bm*rUftg vnrimh, \ 

|Vi*»l-wsiinr liwtf t*r \nnb>t f«ml ami Itomm pump*." 
Piping rfivrrifig H'pnmturrt, fnftktt, Hr . 

$2,(100 
ft,MX) 

7fi 0 

7,500 

2,000 

4/MM) 

$23,050 

Owt 75*kw, ilim*'t-«irrrnf general »»r rrrrfni 

Ofut *200-kw, tliieH-eurrenf. gyunrutor erivtwl ■ 

Bwiti:fiWir4 awl wiring, . , . . . , ....... , . : 

1,1(10 

H/MMI 

IJOO 

7»,SOO 

Total rout ut plant. 

. . .. .. . 

Sufi'-irio 

O^nr.ii vu v# i *oht 



In fitful mt $3,47*0 fa* U per runt,, , 

ifiliofi on *20,450 0 per r#nf,,, , . , , ; 

* \r , on $20,450 H 1 prr rent, 5 

$1,470 

1,770 

21)5 


Fuel, 3,110 Otfn 6#/ 13 

Irfilifir *5 uiwtxUtiv , ‘ 

Aah Inittlmtt 

Oil wiv*li% rt<% 

MdnU^ummt m4 

4,000 ( 
100 ; 

mm ' 

i 

•ii.wki 

Ttilul mmid mm % of gtwffiinig #7/200 / 12 
752,400 kw -kr. 



Omt )wr kil#iwilt4i«#iif , m rtnt# ^ • 7fM t 

m%m ....... . . 


a.-w 
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Cost of Centhal-htation Bbhviob 

The connected load is 275 kw. The primary charge will he $2 per 
month. The average monthly energy consumption of 62,700 kw.-hr. 
will be at the rate of 0.9 cts. per kw.-hr. If a rotary (synchronous) 
converter is installed, the customer will probably, lm required to pay the 
conversion losses. With a converter efficiency of 90 per cent., the 
monthly bill charged against the consumer will therefore be: 62,700 * 0.9 
« 69,500 kw.-hr. The annual cost of purchased power will therefore 
be about as follows: 


Installation Costs 


One 250-kw. rotary converter.. $3,000 

Switchboard.....j 1,71X1 


Total installation cost 


$4,700 


Operating Costs 


Interest, depreciation, etc., @ 12 per cent, on 

$4,700............ ...........j 

Primary charge—-275 X 12 months X 12.., J 

Current charge—69.500 X 12 X $0,009 
N: 

Oi 


mo ! 

§ jm i 

7.500 ! 
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lli«» following fable illustrates a logical and systematic method of 
tabulating the fhod-charge data when an energy-cost determination is 
being madia This table shown the values assumed by T. B. Hyde in 
fiirt solution of Hie example above proponed. For this complete solution 
refer to the number of the magazine cited in the footnote. 


Bteam Plant (Energy Generated) 


A & 

€ 

n . 

K 

r 

a 

Pix«‘d charge® (por cent.) 

N 

i; L'l'iip- 

1 

t 

3 
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% 

Ttiil 

Vnlt 

&mt 

Total ! 
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18 
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1 

12 
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r* 
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1 

12 
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1 

10 
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10 
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3,551 


Kmtmitt: Plant (Emrgy Purchased) 


IS 

. ..... S3,(SMI| & j 

3 ] 

j 1 

l 

10 

$300 

Ilf “fyfodifvtL 

him 

J phtiwtimt 

' 5 i 

i • ! 

, , , u,tm . 5 i 

1 0 \ 

i 

[ 1 

l 

12 

240 
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$540 


m mm VAmvuMm of ah Elbctbxc Plant.*— 
In ittiitmi, plm% will subHrtatton ktidlnp may be assumed to have a 
naif ill life of about SO years, making the average depreciation about 2 
per tent. To t«oik*n», piping, generators, electrical equipment, etc., 
Uvm trf m frnm are a«ttg»«l* Of these, boilers, piping and generators 
have »ft salvage valine «f 4 to § per cent, at the end of that time, thus 
making their rate of depreciation from 4.7 to 48 per cent, per annum. 
Allowing I© per etui, tuttvifft value for electrical equipment, the rate of 
^gpy ^g fstlgti beoesnnes 411 per ©tat# Storage batteries, with a useful 
lit of 2© ytsn, go out of service with a salvage value of 17 per cent, mak- 
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ing the net depreciation 4.15 per cent, per year. I’oic* and 
equipment are assigned values of 12 per cent, at the end of 20 yearn' 
service, resulting in a depreciation rate of 4.4 per cent. Wirt*, after ifl 
years’ estimated usefulness, has the high scrap value of 40 per cent., 
making the depreciation rate 3.75 per cent. Lino transformers and 
customers’ meters may be assumed to have the sarnit lift* as tho other 
electrical equipment named, 20 years, but at the end of that time they 
have a salvage value of 10 per cent., making the net depreciation rate? in 
the case of these instruments 4.5 per cent. 

306. The Location of a Generating Station is a thing which 
should be considered most carefully, because if fhit station in 
not located intelligently the cost of the. energy generated and 
delivered by it may be excessively high. In this rnnnerttMii 
the following items* are of importance: (1) tirces-ability. (•») 
coal and water supply, (3) stability of foundation, (4) facilities 
for extension, (6) cost of rad estate and taxes, and ft!) situa¬ 
tion should be such that the output of the plant may be effect¬ 
ively utilized. 

Norn—The station should, all thiriRs being equal, lie csnily accewiible 
so as to facilitate the delivery of fuel, stores imd n««i*hii<*r,v, nhdc »t 
should be so located that the ashes nmy be easily »«waived. If 
the station should be so located that it may be reached by U,%h tml 
and water. 

307. The Advantages of Centralization, that is, the advan¬ 
tages which accrue through the concentration of generating 
equipment into one large plant rather than having it scattered 
among a number of small plants may be recited thn*;* (1) 
It is possible to distribute the power economically, (2) beeause 
of the diversified nature of the load it is jiwwublr to operate the 
system with a better load factor, (3) purchasing supplies and 
spare parts at a central point is a decider! economic advantage, 
(4) the centralization of management and t»j»'r«ring force re- 
duces the overhead expenses, 0 ) it « potwibl to serve certain 
classes of customers whom the small individual plant could 
not afford to serve, (6) the lower cost of production, due to 
centralized service, makes it possible to offer tower rates, (7) 
consolidation of interests makes possible the financing of I»- 

* Tta toe*™* or Pow*« Futm, twJ.M. Knro. ,4 Ik* ft***, 
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provcinentr, of substitution of new for olwolcfit apparatus ami 
the extension of wrvico into new territory and (8) better regu¬ 
lation and bettor protect ion can be provided. 

308. Direct-current Voltages and Systems may lx>. divided 
into two-wire and three-wire system*. Two-wire systems 
(which are, ordinarily, deniable only for electric-lighting ser¬ 
vice where tin* pnu« r t* frsje-mitted over \ery short distances) 
usually operate at 110 volt* becair-e 110 volts is, due to eco¬ 
nomic rc-isoic', the mo-4 derdrahlc pre .rure for operating inenn- 
deH'cuf lamps in multiple. < )era?i<ui;d!y, in a direct-current 
installation, where fh>< power run t !«• transmitted for a dis- 
fnnee of jMvdbly something under a mile for direet-current 
mot ore, a '220-’.oil di r * et-eurrent system may he installed, 
if thi.' is done, 22tt-v»4t inr.mdc/rcnt lamps are used. It is 
seldom that a two-wne direef-eurrent Hvsfem is now installed 
for general electric lighting and power service. I'sually, be¬ 
cause of the economic’' which result therefrom, n three- wire 
system in un< d. The pn-snure l«*f ween the outer wires is 220 
volt* and between the neutral and each of the outers, 110 
volts. IV ith this system, the incandescent lamps can operate 
on lit! volts and the motor* on 220, The stations in many 
office buildings, industrial plant* and small towns generate on 
110 220-volt tlme-wm* system. For urban railway service, 
the standard direct-current pressure is 000 volts. Pressures 
m high a* 1,200,2,400,1,500 and 3 t fKH> volts have been applied 
recently for iutenirban and trunk line, railway servico. 

308A. The Generation of Alternating Voltages is now, in 
station* serving large cities or mnsiderabki loads of any char¬ 
acter, the iimihI practice Is'caitM* of th« ceonombs which 
ie«ill therefrom. 'I'lieti, if at miy location on the distribution 
system, diicet current is required, the alternating can lm con¬ 
verted into diri'et voltages i»y using mofor-generatom or syn¬ 
chronous converter*. A large percentage of all generating 
stations which have lawn installed recently thin includes 
many small station* m well sa larp otittw generate only alter¬ 
nating voltages. 

308, Practically All Alternating-current Station* Generate 
Three-phase.- ■■ This refer** to stations which have been in- 
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stalled recently. (There are still a number of two-phase stations 
and a very few single-phase stations in operation.) The 
reason for this is that three-phase generating and converting 
apparatus is the most economical and energy can he trans¬ 
mitted more economically with the three-phase system than 
with any of the others which are utilized directly. The three- 
phase can be readily transformed or converted into power of 
some one of the other systems if desirable. 


Note. —Even if a large proportion of the output of a station must 
be transformed or converted to render it available for utilization, it is 
usually most economical to generate only one kind of energy. That m t 
for most cases in a station of any size, only three-phase alternating power 
should be generated. The reason why this plan is ordinarily followed is 
that with it the generating unite can all be operated at greater loads. 
That is, the individual load factors of the generating unite can be main¬ 
tained at a maximum, due to the ad¬ 
vantage that may thereby ha taken 
of the diversity element. Further¬ 
more, where only one kind of power 
is generated, the investment which 
must be tied up in reserve apparatus 
may be a minimum * 

/310. Three-phase Generators 
are Usually Star-connected (Fig* 
237), because with this method 
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structure results. Furthermore, certain difficulties, due to 
local current circulating in the machine windings, which may 
occur with the delta are eliminated with the star connection. 

311. Both Grounded and Ungrounded-neutral Systems are 
used. Which is preferable must be determined in each specific 
case after due consideration has been given to the factors in¬ 
volved. There are two reasons for grounding the neutral. 
One is to limit the voltage, between line and ground, which 
may be impressed on the insulators and apparatus. 



Fro. 238.—Accidental ground on a 
grounded-neutral system. 



Fig. 239. —Accidental-ground on an 
ungrounded-neutral system. 


Explanation. —If a neutral is grounded, as at G, Fig. 238, it is evident 
that the electric stress imposed on the insulator at /, between line wire 
L z and ground, can never be greater than the voltage Eo which is 0.58 
of the line voltage, E. If, however, the neutral is ungrounded as in 
Fig. 239, and an accidental ground, Ga, occurs, then the line voltage E is 
impressing on the insulator at J 2 between the line wire, C, and ground. 
The line voltage in a three-phase system always equals 1.73 times the 
voltage to neutral. (The voltage to neutral is shown by Ec in Fig. 237.) 

The Other reason for grounding a neutral is to insure that 
one of two or more sets of feeders will, by the action of the 
overload oil circuit-breaker inserted in it, promptly disconnect 
itself from the station if a ground occurs on that feeder. 

Explanation. —If an accidental ground, Ga (Fig. 240), occurs on a 
feeder, F if supplied by a generator having a grounded neutral, a current 
will flow through the accidental ground as shown by the dotted arrows. 
This ground will be of sufficiently low resistance so that the current which 
flows will be of great enough intensity (amperage) to immediately operate 
the automatic oil switch or oil circuit-breaker, 8t* This will isolate Fi 
from the system. If the neutral were not grounded the attendants in 
the station where the generator G was located might not be informed 
promptly of the existence of the accidental ground, (?* 
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It follows that, if only one feeder extends from a station to 
a given load and that continuous service is essential, grounding 
is probably undesirable. If on the other hand, two or more 
feeders extend from the station to the same load then ground¬ 
ing may be desirable. As a rule it is good practice to omit th© 
grounding of generators where only one or two feeders extend 
from the station unless the system operates at a very high 
voltage. Where the neutral is grounded merely to insure the 
automatic disconnection of a feeder in the event of a ground 
on it (Fig. 240), a resistance, R } may be inserted between the 


3~Pha$® 



Fig. 240.—Showing how an accidentally-grounded feeder will disc«iiiii#et 
itself from the generator on a grounded-neutral system, 

neutral point of the generator and ground, to prevent the flow 
of excessive current in case of an accidental ground, G%, on 
the line. Such a resistance should be so proportioned that it 
would permit enough current to flow to operate the automatic 
oil switches but would at the same time prevent the flow of a 
dangerously large current. 

312. The Voltages for Alternating-current Generators vary 
with the conditions under which the plant operates. Occa¬ 
sionally where a very small plant serves only an incandescent- 
lighting load, the generator voltage is 110. More frequently 
a pressure of 220 is adopted for small plants which serve a 
three-wire system, the three-wire, 110-220-volt pressures 
(Fig. 241) being obtained with balance coils located at points 
near the load. Sometimes, in industrial plants where a con¬ 
siderable number of alternating-current motors are used, 480- 
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volt three-phase generators are installed. Generators for 
2,200 to 2,400 volts three-phase are very frequently used in 
towns and small cities for serving a general lighting and motor 
load In large industrial plants three-phase 6,600-volt gen¬ 
erators are ordinarily used. A pressure of 13,200 volts is the 
highest for which it is deemed desirable in the United Staten 
to wind alternating-current generators. Hence, a great many 
machines generate at this pressure. Where the transmission 
distance is sufficiently short it is economical to use 13,200 as 



Fio. 243.—Tho four-wire, three-phase system. 


the transmission voltage. In many plants the generation 
voltage is 2,300 of 2,400 (Fig. 242) and this pressure is raised 
with transformers to one suitable for the long-distance trans¬ 
mission. The four-wire, three-phase system (4,000 volts 
between line wires (Fig. 243) and 2,300 volts to neutral) is 
now being used extensively for local distribution for light and 
power in cities. In any case the generator voltage which 
should be selected is largely a matter of economics. 

313. The Selection of the Capacities and Ratings of the 
Generators is a question which is always worthy of careful 
consideration. As a rule in modern installations each genera¬ 
tor and its prime mover constitutes a complete unit. It is 
almost always the best practice to install two or more such 
units in every plant so that it will be possible, under all ordi¬ 
nary operating conditions, to work at least one of the units at 
its most efficient load; hence, in determining capacities and 
ratings, it is always desirable to base the determination upon 
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the graph of the load to be imposed on the station. It is, 
however, seldom possible to base the selection solely on the 
load graph because provision should be made for a certain 
growth in load. Also, the question of reserve capacity—that 
is, protection against accident and breakdown—should be 
considered. 

314. The Rating of the Generator Should Be Proportioned 
to the Characteristics of the Prime Mover.—Both steam en¬ 
gine and waterwheel prime movers operate at maximum effi¬ 
ciency at certain definite loads. At loads greater or smaller 
than this maximum-efficiency load there will be a material 
decrease in efficiency. With internal-combustion engine prime 
movers of this type have no overload capacity) the point 
of greatest efficiency is the maximum load which the prime 
mover will pull. These elements should be given due consi¬ 
deration. 

315. In Providing Reserve Capacity in generating equip¬ 
ment, that is, capacity which may be utilized in case of a break¬ 
down of some of the generating apparatus, there are two ex¬ 
pedients which may be adopted. That is, reserve capacity 
may be provided by: (1) installing an extra unit or extra 
units which may be operated when one of the regular units is 
inoperative, and (2) the overload capacity of the regular units. 

Note.* —With the method of rating engine-driven units which is gen¬ 
erally used which provides a liberal overload capacity for a few hours, 
the second expedient works out satisfactorily. For example, a plant 
of five units, each of which has an overload capacity of 25 per cent., 
can have one unit taken out of service when all of the units are operating 
at full-load without placing an excessive load on the remaining units. 
It is now the almost-standard practice of practically all steam-turbine 
manufacturers to rate their units on a maximum basis, that is, without 
any overload capacity. Under this method of rating it is necessary to 
utilize the first expedient noted above to provide reserve for emergencies. 
To maintain the reserve capacity at a minimum it may be desirable to 
have at least five or six units in the plant. With five units to carry the 
load and one reserve unit there is then only 17 per cent, of the installa¬ 
tion held in reserve. If one reserve unit is considered inadequate the 
addition of another increases the reserve capacity to about 29 per cent, 
of the total. 

* J. W. Shuster, Tendencies m Central Station Pbactxcsj, Electrical Review, 
Mar. 3, 1917. 
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Waterwheel and internal-combustion engine driven units 
have no overload capacity, hence in stations driven by prime 
movers of this type reserve capacity must be provided as 
outlined in expedient (2), above. That is, additional units 
must be provided for reserve. 

316. Low Power Factor Decreases the Effective Capacity 
of a Generator so that if a station is to operate at a power 
factor other than 100 per cent, this should be recognized. 

Example. —If the power factor of a plant is 100 per cent, then for a 100- 
kva. generator, in such a plant, a prime mover capable of developing 
approximately 100 kw. output should be provided for the generator. 
However, if the power factor of the load which the plant serves is only 
75 per cent., then to drive a 100-kva. generator a prime mover of only 
approximately 75 kw. output is necessary. If a 100-kw. prime mover 
were used approximately 25 per cent, or one-fourth of its capacity would 
be unavailable. Furthermore, the prime mover, instead of being fully 
loaded, that is, operating at high efficiency when the generator was 
fully loaded, would be operating at only three-fourths load with corre¬ 
spondingly low efficiency. (In the preceding example a generator 
efficiency of 100 per cent, has been assumed.) Actually the efficiency 
of a generator is always less than 100 per cent., but the principle involved 
is evident from the above even if the generator efficiency is not 
considered. 

317. The Unit Principle Should be Utilized wherever pos¬ 

sible. That is, all of the units in the plant should, insofar as 
feasible, be duplicates. The different essential elements of 
the installation, such as generating elements (comprising 
generator prime mover and its auxiliary apparatus) trans¬ 
formers, boilers, etc., should be arranged in groups or composite 
units. Each one of these groups should, in essence, be a com¬ 
plete central-station installation in itself. Then, if this plan 
is followed, a breakdown in some component piece of apparatus 
should effect only the group of which that component forms 
a part. The other groups should be capable of uninterrupted 
operation. # 

318. The Factors Which Should Determine the Location 
of the Apparatus in a generating station are: (1) simplicity, 
(2) reliability of operation and (3) extensions. Upon study 
it will be evident that, in general, the unit system of arrange¬ 
ment described in the preceding article satisfies all of these 




Sec. 14] 


ELECTRIC GENERATING STATIONS 


273 


requirements more completely than would any other 
arrangement. 

319. In Locating the Prime Movers and Generators they 
should ordinarily be arranged on the main floor of the station. 
There should always be at least sufficient distance between 
units to admit a free passage around them and so that repairs 
can be effected without any unnecessary waste of time. In 
steam plants the condensers are usually located in the base¬ 
ment and the principal piping (Fig. 242) carried below the 
main floor. 

320. The Exciters* should have a capacity sufficient for 
all of the synchronous apparatus in the station when all of the 
synchronous machines are operating at their maximum loads 
and at the operating power factor. It is not sufficient to 
provide only enough exciter capacity for excitation for the 
machines when they are running at unity power factor. The 
excitation required for power factors lower than unity is 
considerably higher than that required at unity. 

321. The System of Excitation which is now considered 
gobd practice and which affords maximum reliability is that 
in which all of the exciting current is obtained from a common 
source. This common source should comprise as few units 
as possible. One or two units are generally provided for 
normal excitation and a third is installed as a reserve. It is 
always good practice to have the regular exciter driven by 
prime movers such as steam engines or waterwheels, while 
the reserve unit is motor-driven. 

* ' 0 ^ * 

Noti£ —Another systemr of excitation which is now being used fre¬ 
quently is to install (for driving tffe exciters) low-voltage generators 
each of which is driven by a non-condensing steam turbine or a water¬ 
wheel. The exciters are thfn motor-driven, energy therefor being ob¬ 
tained from the low-voltage generator. The steam from the turbines 
exhausts into the feed-water heaters. In addition to the exciters, all of 
the other auxiliaries, such as circulating pumps, etc., are motor-driven. 


*E. A. Lof, of the General Electric Company, Gbnbrating Stations and Bomb 
Features Coymtma Their Design” published in Coal Age, Feb. 5, 19X5. 
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322. The Exciter Voltage is, for small and medium-si ^ 1 
plants, 125 volts. For large installations 250-volt excitat^ €J 
is more economical. 

323. In Locating the Exciters in a station it is, in gene** 11 
desirable to place them near the center of the generator rcK #3 
so that the excitation wiring will involve minimum cost. 

Note. —Where one exciter is furnished for each generator it sh*> l S 
be located as close as is feasible to its generator. Exciters direct-*** #1 
nected to their generators are often used. 

324. Automatic Voltage Regulators are always installed 3 
modern stations. These, by acting on the fields of the excite* r 
maintain the alternating-current voltage constant at the 
bars regardless of changes (within reasonable limits) of lo** 
on station or of changes in prime-mover speed. Voltage refC 1 
lators are usually located on or near the switchboard. 

325. The Number and the Capacities of the Transform.® 3 

should be determined by the characteristics of the station stx* 
the load which it serves. In stations transmitting at medi** 3 
or low voltage it is usually considered best practice to instsi 
one bank of transformers for each generating unit follow* 
out the unit principle recommended above. However, whet* 
the transmission voltage is high, the transformer bank shot* J 
form a unit with the transmission line, each of the transmissions 
lines terminating in the station in one of these units. Whai 
this arrangement is followed switching on the high-tens! c* 
side of the transformers is unnecessary as all of the switch! wt 
can then be effected oh the low-tension side of the transformer n 
In locating the transformers in the station* they are usuaJ 1 
placed (Figs. 242 and 244) on the main floor back of the gexit?4 
ators. They are enclosed in suitable fireproof compartment ! 
A track is installed along in front of the tier of compartment i 
so that the transformers may, when necessary, be readily am 
moved for repairs. * 

326. Either Single-phase or Three-phase Transformers cm 
be used. The modern tendency appears to be toward trii 
utilization of three-phase transformers where the applicable:* 
of such is feasible. 
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eomihioiw under which single-phase transformers are 
preferable t» whrnt only one group is installed or where the expense of 
a span* transformer m unwarranted. In such installations the burning 
out of one phase of a three-phase unit involves considerable inconvenience 
since the transformer would have to he disconnected boforo repairs could 
he made. If mimle-phaMj transformers are used and connected in delta 
(on both primary and secondary) the damaged unit can bo readily cut out 
and the other two operated at normal temperature—58 percent of the 
rated normal rnsm.ity of the group.until the damaged unit can be 



Fin, 244fleeffettaf Elevation of m typical 110,000-volt Hydro-electric 

station, • 


Nor*.— With llit ahaltaypa tfmaformers both the pri¬ 

mary ftini aaeoadary mmlmfflk nr« fMtMoiineeted. Trouble in one 
phase will mil prawn! Hi# %mt nt tha #tft«r two la open delta. By short- 
etmitMtig both tint primary and sewttd&ry of the damaged phase and 
mmm it «mt «f the circuit, Hit majptetie flux In that section Is entirely 
iMKitmliaad* Thre&»ph**a tvaaafavmani way be used in moderate- 
vt4u*p* fawthtfaiMM having a large number of units. For high-voltage 
davdepmafkta where mmh tmndomwt bank should be of a capacity equal 
to that I#! the tkm alurb It serve* it Is usually necessary to select single- 
phase immimnmm m aa to obtain tit required capacity and minimise 
tit coat of tl# spire unit* 

•«, A. tsf fa Cea* Am §* i*t& 










Fio. 245.—Oil-cooled or self-eooi* Fki. 24ft.—Tho wftler-eouM irtui#* 
: ing transformer. (This shown the former. 

j , tubular type.) 


case, from which tho heat is radiated into the air. The tanks 
of self-cooling transformers are, therefore, usually made of 



In a transformer of this type, the oil circulates in a manner 
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proportion of the heat w curried away by the water forced 
through a pipe coil which is submerged in the hottest oil i n 
the top of tint transformer. Orilmurily the water rate is ap 
proximately It gal. per min. pel kw. loss, the temperature of 
the incoming water being .V.t «h£. F. f n the air-blast trans¬ 
former (Fig. 247), the cooling is yiTected by forcing a blast of 



air through duet* or space* provided in the transformer struc¬ 
ture. Transformer* of this type are applicable for voltages 
up to about 33,0(10 hut they are lasing rapidly superseded by 
thorn? of the self-cooling tyjx!. 

iVoTK, Circulating-oil-ty pa transformers (Fig. 248) may be adopted 
where the only water available for cowling is hard or contains sediment. 
Sueh sediment might deposit on the insides of the coils of water-cooled 
transformer. But with the arrangement shown in the illustration, 
the deposit would be on the outside of the oil coils, hence readily removed. 
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328. External Reactances or Reactors* (Fig. 2-JO) are now 
used in many stations of large capacity to limit the excessive 
current which would flow, if these reactors were not inserted, in 







mmsycnrmntngtm \ Qmmttws** 

k 0mM 9 BtmPm 

Fia. 2 M.-~ 6 ingl© 4 k© diagram of 

combined generator, bug and feeder- 

group reactance cod. 


F» ft ri / f4 Ft F* \ Fi Fi F* F* F» Fit 
fmton' 'H'mitm 

Fio. 2 $ L—Sin*Win® diagram 

allowing reactor* inaialltd on feeder 
group*. 


the case of a short-circuit on the system. It is not feasible to 
incorporate sufficient reactance in high-voltage turbo-gener- 

• A. I. E. 1. &tAtKDA*m*&mw %ntm* 

W* EL £texui md H. H* Rudd, Tm Us* or Ouaaaar Lmm«u ftmmaw&m /Vatfiotd 
Engineer. Am IS. ISIS. 
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ators; hence, with generators of large capacity of this type, 
current-limiting reactances may be inserted in the generator 
lead or between the bus sections (Figs. 250, 251 and 252) or 
in the outgoing feeders. 

329. The Percentage Reactance of a Reactor* is the ratio 
(expressed in per cent.) of the voltage drop across it, when 
full-load current flows at the voltage of the system. 

Example. —If the full-load current is 100 amp. (on a 10,000-volt, single- 
phase system or on a three-phase system with 10,000 volts to neutral) 
the drop across a coil having a reactance of 5 ohms will be: 100 X 5 = 
500 volts . The percentage reactance of the coil will be: 100 X 500 -s- 
10,000 = 5 per cent . Or if the full-load current is 1.00 amp. on a three- 



Fig. 252.—Reactors inserted in generator leads. 

phase system, with 10,000 volts between phases, then the percentage 
reactance of the coil having a reactance of 5 ohms will be: 100 X 500 -r 
(10,000 X 0.577) * 8.66 per cent . 

The short-circuit current which will flow is: 100 (the percentage re - 
actance of the coil + the percentage reactance of the generator ) X full-load 
current. In the above case if the'generator reactance is also 5 per cent., 
the short-circuit current will be 10 X full-load current . On short-circuit 
the reactance will, in this case, have one-half the no-load voltage im¬ 
pressed across it. 

330. The Location of the Switchboard and Switchgear 

should be determined by the capacity, voltage and general 
arrangement of the plant. In low-voltage, small-capacity 
plants where self-contained switchboards are used, all of the 
switchgear is mounted directly on or adjacent to the switch¬ 
board. The switchboard is installed in a convenient central 

* Electrical Journal, Apr. 15, 1917. 
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location near one of the walls on the main floor of the station. 
Where the switchboard is of the remote-control type there are 
many different arrangements which may be used. It is usually 
considered desirable to so locate the control board that an 
unobstructed view of the station may be had from it. How¬ 
ever, in certain very large installations the control board 
is in a room entirely separate from the generating room. The 
bus-bars and oil switches are located on the various floors of 
the switch house.* See Figs. 242 and 244. 


* E. A. Lof. 



SECTION 15 


ADAPTABILITY OF STEAM, INTERNAL-COMBUSTION 
ENGINE AND HYDRAULIC PRIME MOVERS 

331. The Type of Prime Mover Which Should Be Adopted 
for Any Specific Installation is, in general, a question of 
economics. Usually that prime mover is the best one 



Fig- 253.—Prime movers used in 
central stations.* 



Fig. 254.—Prime movers used in 
the manufacturing industries.* 


for a certain installation which will produce the energy in 
that installation at the least cost per kilowatt-hour. There 
are many elements which must be considered in such a de¬ 
termination of least cost. Some of these will be described 
briefly in the articles which follow. Pigs. 253 and 254 show 
respectively the horse-power outputs of the prime movers 
used in central stations and industrial plants in the United 
States 


332. The Application of Steam Prime Movers should, in the 
case of very small installations, be restricted to locations where 


• E. A. Eaf, Coal Ago, Feb. 6, 1915. 
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coal is very cheap and where water power is not available. 
In medium-capacity installations, say those of from 30D to 
5,000 kw., steam plants may be more economical than in¬ 
ternal-combustion engine plants or those hydro-electric plants 
which require considerable capital expenditure for develop¬ 
ment. In large plants, where units of capacities of 5,000 kw. 
and upward may be utilized effectively, modern steam turbo¬ 



generator energy generation will ordinarily prove much more 
economical than generation with an internal-combustion engine. 
It will also prove more economical than hydro-electric genera¬ 
tion and transmission unless the investment required to 
develop the hydro-electric properties is unusually small. 

NoTE.f—“The progress of the steam turbine (Fig. 255) has been m 
great that it has practically displaced the gas engine. As the cost of 
the gas-engine unit is probably seven or eight times as great as that of the 
turbine, the gas engine has been practically put out of the running insofar 

* Copyright by Samuel Insull. 

t H. G. Stott, Report of Efficiency Test out 30,000 kw. Cuoaa-CoMPOxwn Steam 
Turbine, read before the 1916 annual meeting of the A. S. M. E. 
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as large power-plant work is concerned.” “Another interesting side 
light in this matter is the valiie of the turbine as the general prime mover 
in competition with anything else that could be cited. [Fifteen years 
ago hydro-electric power developments were looked on as a choice in¬ 
vestment worth lots of money with almost any cost of • development. 
Water powers were developed- that cost $200, $250 and $300 per kw. 



Stcrrion 1902 

Vertical 

Steam 



ET -35.000 Kw. North West Station 1915 

Figs-. 256, —Four types of generating apparatus which have been use by 
the Commonwealth Edison Company of Chicago. 5 * 

Today you could not get money for an investment of that kind. The 
steam turbine has risen so high in efficiency and economy and decreased 
so much in first cost that it has driven out all possibility of developing 
many of these water powers. When yea allow for the fixed charges, the 
steam turbine can make power more cheaply than the high-priced hydro¬ 
electric development.” “ Consider the case of Niagara Falls where there 
are no dams recpiired and where there is practically an unlimited supply of 
power. The steam-turbine plant can compete with Niagara power today 
as long as the load factor of the Falls power is less than 50 per cent. 
* Copyright by Samuel InsuU. 
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The only chance for a financially successful water-power development is 
on the basis of a high load factor.” 

333. The Advantages of Large Turbo-generators are these: 
It is possible to obtain as much as six times the output capacity 
in the same floor space, Fig. 256. The first cost per kilowatt 
with the large turbo units is something like a fifth of the cost 
of equivalent reciprocating engine units. Furthermore, the 
water rates, that is, the steam consumptions of the large 
turbines, are in the neighborhood of one-half of the equivalent 
consumptions of reciprocating engine units. 

3$4. Internal-combustion Engine Prime Movers Are Effec¬ 
tively Used at the present state of the art only in plants of 
small and medium capacity unless the cost of coal or of an 



Fig. 257.—Losses in a non-condensing steam plant.* 


hydro-electric development is unusually large. In small 
plants, say those up to 300 kw. in capacity, the internal- 
combustion engine prime movers may, unless the cost of coal 
is very low, be more economical than steam-engine plants. 
This is particularly true of small plants which operate only a 
portion of the 24 hr. For a small central-station plant which 
operates only at night or for a small industrial plant which 
operates only during the day, an oil or gas engine usually 
would generate power at minimum cost because such an 
engine does not involve the standby losses which obtain with 
the steam prime movers. As suggested in the above note, 
where a large power output is required, the internal-combus¬ 
tion engine has been put entirely out of the running by the 

* K. H. Fernald, “ Producer Gas prom Low-grade Fuels/' Practical Engineer 
Deo. 15, 1914, p. 1200. 
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condensing steam turbine. If the cost of development is 
not excessive it may be possible to generate power with a 
waterwheel—hydraulic turbine—cheaper tha n with an in¬ 
ternal-combustion engine. The producer-gas plants, which are 
much more economical than an ordinary non-condensing 
medium-capacity steam-engine plant (Pigs. 257 and 258) 
cannot usually compete with the condensing turbo-generator 
outfit unless the cost of fuel which may be used in the producer 
is very low. 



Fig. 258.—Loss in a suction gas-producer plant.* 


336. Hydraulic Prime Movers Are Most Economical where 
the cost of developing the hydro-electric plant is not excessive. 

the cost of developing the hydro-electric plant is not excessive. 
It appears to be the common impression that merely because 
the water, which drives the turbines or waterwheel in a hydro¬ 
electric plant, costs nothing that the cost of the power de¬ 
veloped should be correspondingly low. This is far from the 
truth, because in determining the total cost of the power 
developed it is necessary to include the fixed charges (interest, 
depreciation, insurance, taxes, and the like) on the investment 
required to develop the hydro-electric property. If it is 
necessary to pay these fixed charges on an expensive dam 
and on a large real-estate investment required for tne storage- 
water area, and then in addition pay the fixed charges on a 
long, expensive transmission line, such fixed charges may 

* It. JEL Fern add, ** Producer Gab fbom Low-quad® Fuels/* Practical Engineer , 
Dec. 15, 1914. j>. 1200. 
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more than overbalance the cost of the coal and attendance 
that would be required by a modern steam station. The 
fixed charges on the transmission line should, usually, properly 
be included with those on the hydro-electric plant and develop¬ 
ment. Without the transmission line the plant would be 
useless. 

336. The Development of Low-head Hydro-electric Plants 

is likely to involve excessive cost. On the other hand, if, 
due to local conditions, it is possible to install a hydro-electric 
plant without incurring a large investment in dams, storage 
reservoirs and transmission lines, hydro-electric power may be 
developed very cheaply. Some of the high-head plants used 
in the West involve a relatively low first cost per kilowatt of 
capacity and, hence, can produce power very cheaply. Some 
hydro-electric plants for towns and factories are often eco¬ 
nomical where the plant can be located close to he load—so 
that a transmission-line investment is not required—par¬ 
ticularly if an expensive dam and storage reservoir is not 
necessary. 



SECTION 16 


STEAM ELECTRICAL-ENERGY GENERATING 1 

STATIONS I 

337. Steam Plants May Be Conveniently Divided Into Four 
Classes.*—While there can be no definite dividing line, it is 
convenient to consider steam plants under four headings: 

(1) small plants, to include all of those under 300 lew. capacity; 

(2) medium plants, to include those between 3,000 and 5,000 
kw. capacity; (3) large plants, those between 5,000 and 50,000 
kw. capacity; and (4) extra large plants, which include those 
above 50,000 kw. capacity. 



Fig. 259. —Graphs showing steam consumptions of relatively-small steam 
prime movers operating condensing. 

338. In Small Steam Plants it is usually considered good 
1 practice to install only one or two units. Often only one unit 
of sufficient capacity to carry the entire load is used. The 
graph of Mg. 259 indicates the water rates of some relatively 

* J. W. Shuster, Tendencies in Central Station Practice, Electrical Review, 
Mar. 3,1917. 


287 










288 


CENTRAL STATIONS 


[Art. 339 


small steam prime movers. It will be noted that the efficiency 
at full-load decreases rapidly as the size of the turbine de¬ 
creases. It should also be noted that, with all of the units, the 
efficiency decreases rapidly as the load on the unit decreases. 
Hence, it is desirable to use the largest units possible and to 
always operate them at as nearly full-load as is feasible. Fre- 



Fig. 260.—Lay-out for a small belted plant driven by a Corliss and a high¬ 
speed engine. 

quently it is desirable, in these small plants, to operate non¬ 
condensing because the fixed and operating charges on the 
condensing equipment may be such that its first cost is not 
justified. In such installations where simplicity and reliability 
of service are the most important factors, a high-speed engine 
of the slide valve or non-releasing Corliss valve type may be 
used. Or instead Corliss engines may be installed. Non¬ 
condensing reciprocating steam engines are more economical 
than non-condensing turbines. 

339. la Considering Belted vs. Direct-connected Steam- 
engine Units for Small Plants it should be recognized that the 
cost of the belted outfit is always lower than that of the direct- 



260 shows a typical belted installation.* A high-speed engine, 
Ei, is direct-connected to the jack shaft from which the gen¬ 
erators are belted. A Corliss engine is also belted to the jack 
shaft. Both of the engines are used to pull the station at 

* F. W. Salmon, Practical Engineer, June 15, 1915. 
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times of peak load. At other times either the Corliss engine, 
E t , or the high-speed engine, B u were used to pull the load, 
depending upon which could operate most economically. 
Small stations of this general character may give satisfactory 
service in towns where the cost of coal is low and where relia¬ 
bility and ease of operation are of more importance than high 

economy. . 

340. A Small Direct-connected Generating Unit, similar to 
that of Fig. 201, may be used where economy of space in an 
important factor. A unit of this type which is equipped with 
a small slide valve engine will not he as economical as one hav¬ 
ing an engine with an automatic cut-off valve gear. 


341. Average Full-load Steam Consumptions of Reciprocating Steam 
Engines of Different Types * 


Type of engine 
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* George Shawl In 1910 Stanpauo Ha^wiook, p. m$* 










Sec. 16] 


GENERATING STATIONS 


291 


342. A Small Alternating-current Generator Belted to a 
High-speed Slide-valve Engine is shown in Fig. 262. Units 
of this character may be used in small stations where the cost 
of fuel is low and where an easily handled outfit of very low 
first cost is imperative. 



Fig. 262.—A high-speed simple engine belted to a small three-phase generator. 

343. Uniflow Engines, which have been used in Europe for 
a considerable period but which have only recently been thor- 



Fig. 263.—Sectional elevation through the cylinder of a Skinner-pop¬ 
pet-valve uniflow engine. (Full opening of exhaust through central 
ports.) 

oughly developed in the United States, afford economical 
prime movers for small units. A uniflow engine is one in 
which the steam (Fig. 263) leaves the cylinder at its middle 
point, E. The steam enters the cylinder through valves, V, 
at either end and is discharged through ports in the middle 
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Fio. 284.—An 18" X 24', 200-r.p.m.. Amc*-8tumpf Uniflow engine oper¬ 
ating condensing at 141 lb. premium, superheat appro*. IW d*K.. driving 
an AUi»-0halmers 2800-kva., 220-volt, 3-phaaa. 60-cycle, mmM **rv«d1 by 
a 126-volt exciter. (Ames. Iron Work*, Oewege, N. Y.) fins la installed in 
the plant of the Winner (Vermont) Electric Light Company, 
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which arc opened and doned by the cylinder piston, P, which 
acts as an exhaust valve. The economical performance of 
the uniflow engine is clue to flic fact that cylinder heads are 
always maintained at the same temperature so that there is 
little condensation in the* cylinder. The steam always flows 
in one direction. With the simple* engine, each cylinder head 



Fill, sm— iH*rf«mnmw graph* of the uniflow engine.* 

alternately is heated and cooled m the steam is permitted 
to enter find exhaust from the cylinder. Uniflow engines can 
be used with itipcrhimfed steam, which results in further 
economies. It appears that modern uniflow engines in capaci¬ 
ties up to about 500 h.p* are as economical as any of the other 
types of steam prime movers. They can be obtained for both 
condensing or noii-condensing service or for combined con¬ 
densing and non**condensing ojderation. Fig. 264 shows a uni- 
flow engine directionneeted to an alternating-current gen¬ 
erator which is served by a belted exciter. Fig. 265 shows 

• B« HttginlMltiff ^CttAmmumuMm m Wmwmw 0»m*»atiwo Unit*,” EUctrical 
WvrU, Wmb, I#* t»lf, if, mt* 
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the construction of an engine of the type, reproduced in Fig. 
264. Tests of uniflow engines operating non-condensing at 
140 lb. boiler pressure have shown an economy of 30 lb. of 



to old 


Fig. 266A.—Graphs showing water rates oi a Skinner 21 in. X 22 in. 
uniflow engine running non-condensing and condensing, saturated steam at 
140 lb. (This and the next illustration are from data on engines which were 
direct-connected to generators of 200 true kw. capacity and would be con¬ 
sidered 320 h.p. engines at normal full load. However, the engines are good 
for 400 indicated h.p. for maximum continuous operation.) 



^ 321.99 

200 300 400 500 600 

Indicated Horsepower 


Fig. 266B. —Graph showing water rate of a 21 in. X 22 in. Skinner uniflow 
engine operating at a pressure of 149.1 lb. With a superheat of 102.5 
deg. F. 


steam per kw.-hr. when operating at full-load. Fig. 266 gives 
typical economy graphs for a uniflow unit as compared with 
a turbo-generator. It will be noted that the performance 
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gr Ssjph- un ^ ow engine near the full-load point is almost 

hoi*i^ on ^ a l # That is, its efficiency does not change greatly with 
chSLi>ge in load, around the full-load point. This feature is 
shown in the performance graphs of Figs. 266A and 266B 



Fig* 267.—Sectional elevation through the engine room at the Springfield 

(Ill.) Capitol. 



Vacuum' Chief Engs 150 KwP 
Pumps Office Oemratar 

Fi o. 268.—Plan of the uniflow engine plant and the boiler plant in the Spring- 

field (Ill.) Capitol. 


344. A Uniflow Engine Installation is shown in Mgs. 267 
and. 268. These illustrate the equipment used for supplying 
electrical energy to the State buildings at Springfield, Illinois. 
Three direct-connected engine-driven units are installed. 
Each unit comprises a Chuse-Poppet valve engine direct-con¬ 
nected to a Westinghouse direct-current generator. One 18 
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by 21-in. engine drives a 200-r.p.m. 150-kw. 125-volt gener¬ 
ator. Each of the other units is driven by a 22 by 28-in. en¬ 
gine, the generators being rated at 300 kw. and operated at 150 
r.p.m. The 150-kw. unit is operated when the load is light— 
on Sundays and at night. The present day load is handled by 
one of the 300-kw. units. 

345. Steam-turbine Stations have recently attained a posi¬ 
tion of great importance. This is particularly true of the 
stations wherein units of 20,000 kva. and greater capacities 
may be utilized. As suggested above, a modern, large, 
steam turbine generates power, under ordinary conditions, 
more economically than can a prime mover of any of the other 
types. Steam turbines are now widely used even in capacities 
of under 500 kw. They are also, because of their simplicity 
and reliability, used for driving the auxiliary apparatus in a 
station such as condenser pumps and feed pumps. High steam 
pressures are desirable, hence pressures ranging from 150 to 
250 lb. are encountered. Since superheating also increases 
the economy, the steam is usually superheated from 125 to 
150 deg. High vacuums ranging from 28 to 29 in. are em¬ 
ployed. 

Example.* —A 500-kw. turbo unit, when operating on a steam pressure 
of 150 lb. and 125 deg. of superheat and a 28-in. vacuum has a steam con¬ 
sumption of approximately 17J^ lb. per kw.-hr. A 15,000-kw. unit op¬ 
erating at a steam pressure of 250 lb. with 125 deg. of superheat and a 
29-in. vacuum has a steam consumption of only llJi* lb. per kw.-hr. 

346. Why the Large Steam Turbine Is so Economical may be 
explained thus: First, since no lubrication is necessary in the 
parts of the turbine with which the steam comes into contact, 
a higher degree of superheat is possible with it than with the 
reciprocating engine, for which cylinder lubrication is neces¬ 
sary. Second, when the turbine is used condensing, as it must 
be for maximum economy, the turbine utilizes the expansive 
power of the steam down to the highest vacuum which can 
be developed. The reciprocating engine can utilize the expan¬ 
sive power of the steam only down to possibly a 25- or 26-in. 
vacuum. If an endeavor is made with a reciprocating engine 

* E. A. Lof. 
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to expand the pressure of a high vacuum, the low-press, 
cylinders and the reciprocating parts associated therewith 



Fig. 269.—Water rate graphs of some medium-capacity condensing turbines.* 

would be so large that their cost and frictional losses would 
more than offset the theoretical economies resulting therefrom. 
It is evident, therefore, from 
the foregoing, that a much 
greater part of the total 
energy in the system can be 
realized with the turbine than 
with the reciprocating engine. 

Another factor which renders. 
the turbine so economical is 
its low first costs per unit of 
power output. This is be¬ 
cause the turbine is in¬ 
herently a high-speed prime 
mover. 

347. The Efficiency Graph 

of the Turbine is almost flat 
Fig. 269. It follows that a 
turbine operates at good econ¬ 
omy over a wide range of capacities of steam-turbc>-£en- 
i i erator units Imre increased with the 

loads. development of the art. 

348. The Growth in the 

Capacities of Turbo-generator Units has been almost 
phenomenal. As suggested in the graph of Fig. 270, 
single units have been manufactured having outputs of 

* Reginald J. S. Pigott, Standard Handbook, July, 1915 



Fig. 270—Graphs showing how 
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60,000 kw. The manufacturers assert that there is no 
reason why units of greater capacities than 60,000 kw. 
cannot be built provided there is a demand for them. Fig. 
270 indicates the gradual increase in the capacities of the gen¬ 
erating units in the stations of one central-station company. 

349. A Comparison of the Steam Turbine and the Steam 
Engine as regards their applications is summarized in the 
following data* which relate particularly to units of less than 
500 h.p. 

Note. — Applicability of Turbines. —1. Direct-connected units, oper¬ 
ating condensing. 60-cycle generators in all sizes, also 25-cycle gener¬ 
ators above 1,000 kw. capacity. Direct-current generators in sizes up 
to 1,000 kw. capacity, including exciter units of all sizes. Centrifugal 
pumping machinery operating under substantially constant-head-and- 
quantity conditions and moderately high head, say from 100 ft. up, de¬ 
pending upon the size of the unit. 

Fans and blowers for delivering air at pressures from 1)4 in. water 
column to 30 lb. per sq. in. 

2. Direct-connected units, operating non-condensing for all the above 
purposes, in those cases wherein steam economy is not the prime factor 
or where the exhaust steam can be completely utilized, and, in the latter 
case, particularly where oil-free exhaust steam is desirable or essential. 

3. Geared units, operating straight condensing or non-condensing for 
all the above-mentioned applications, and in addition, many others which 
would otherwise fall in the category of the steam engine, on account of 
the relatively slow speed of the apparatus to be driven. 

Applicability of Engines. —1. Non-condensing units, direct-connected 
or belted and used for driving: 

(а) Electric generators of all classes excepting exciter sets of small 
capacity, unless belted from the main engine. 

(б) Centrifugal pumping machinery, operating under variable head 
and quality conditions and at relatively low head, say up to 100 ft., 
depending on the capacity. 

(c) Pumps and compressors for delivering water or gases in relatively 
small quantities and at relatively high pressures—in the case of pumps 
at pressures above 100 lb. per sq. in. and in the case of compressors at 
pressures from 1 lb. per sq. in. and above. 

(d) Fans and blowers (including induced draft fans) for handling air 
in variable quantities and at relatively low pressures, say not over 5-in. 
water column. 

* J. S. Barstow, Turbines vs. Engines in Units of Smaix Capacities, a paper read 
before the A* S. M. E» 




16] 


GENERATING STATIONS 


299 


I Line shafts of mills, where the driven apparatus is closely grouped 
the load factor is good. 1 

) All apparatus requiring reversal in direction of rotation, as in 
;ing engines and engines for traction purposes. 



. 271.—Steam consumptions of 
small turbines. 



Fig. 272.—Steam consump¬ 
tions of steam turbines of 
moderate capacities. 




Jfoa. 273.—Approximate relative costs of turbo-generator units. (Cost 
labor and materials are now fluctuating so widely that it is not feasible to 
ve actual costs.) 


2. Condensing units direct-connected or belted, for all the above pur¬ 
ges, particularly where the condensing water supply is limited, and 
here the water must be recooled and recirculated. 
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350. The Steam Consumptions of Small and Medium- 
Capacity Turbines* are indicated by the graphs of Figs. 271 
and 272. The graph of Fig. 271 indicates the economics 
which may be effected through the use of a high steam pres¬ 
sure and superheat. Fig. 273 indicates the approximate cost 
of small and moderate capacity turbo-generator units. 



351. The Cross-compound Principle As Used in Large 
Turbines is shown in Fig. 274 which illustrates the 60,000- 
kw. three-cylinder, two-stage unit purchased by the Inter¬ 
borough Rapid Transit Company of New York. Tests on 
this unit indicate at the point of maximum efficiency a water 
rate of 11.25 lb. per kw.-hr. 

* David El well in a paper presented before a New England National Electric Light 
Association. 
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352. An Example of a Medium-capacity Turbo-generator 
Station is shown in Figs. 275 and 276, which illustrate a 
plant operated by the Arkansas Light and Power Company.* 



Fig. 275.—The boiler room in which the wood waste is burned. 


In this installation wood waste from a saw mill and a planing 
mill is used for firing the boilers B x to B*. The boiler house 
(Fig. 275) is located some distance away from the generating 


To Boiler House 



Pig. 276.—Turho generator station utilizing steam generated with saw and 
planing mill waste. 

station (Fig. 276), the boiler house being operated by a com¬ 
pany which owns the saw and planing mills. This company 
f sells steam to the Light and Power Company for the operation 

of the turbines Gi and Gs. 


* J. B. Woods, Electrical World , Apr. 14, 1917* 
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353. A Design for a Turbo Plant Having Only One Generat¬ 
ing Unit is shown in Fig. 277. This plant is for the operation 
of a flour mill. A small 9 by 12 gas engine, E, installed in 
the engine room, is used for pulling the load at nights and at 
other times when it would be uneconomical to operate the 
turbine, T, at the small loads then existing. 

354. An Example of a Large Turbo-generator Installation 
is shown in Figs. 278 and 279 which shows the Essex Station 
of the Public Service Corporation of New Jersey. This is 
said to be one of the most efficient steam stations ever con- 



Fig. 277.—Plan view of the plant of the Commercial Milling Company.* 

structed. The equipment comprises eight 1,373-h.p. boilers 
and the necessary superheater# and boiler-room auxiliaries. 
The generating equipment consists of two 25,000-kva. 13,200- 
volt General Electric Company turbo-generator units, T, in 
, Fig. 278. 

366. A Moderate-capacity Turbo-generator Plant is shown 
in Fig. 280, which illustrates the construction and general 
arrangement of the power plant of the Remington Arms and 
Ammunition Company at Bridgeport, Conn. The generating 
unit shown has a capacity of 2,000 kw. 

366. Boilers for Steam-generating Stations are, in moderate 

m Power, Deo. 22, 1914, p. 870. 
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ami large-capacity plants, always of the water-tube type, 
inasmuch as this is the only type which will permit of the use 
of high steam pressures and the ready utilizat ion of economizers 
and wijs'rlieaters. While in some quarters the feeling exists 



Hint 1,200 h.p. is m great a capacity as i* desirable for one 
unit, boiler* rated at 2,400 h.p. each have been used in certain 
installation*. In medium-capacity plants, the capacity of 
each healer unit is about 500 h.p. Fire-tube, that ia return- 
tubular, boilers are now used only in the small non-condensing 
plants. 
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Sec. 161 

357. In Arranging the Boilers any one of several methods 
may be followed. The rows of boilers may be arranged facing 
an aisle running the short length of the station or they may 
be laid, out in either single or double rows along a fire aisle. 
The illustrations show some of the different methods of boiler 
arrangement that have been utilized in practice. 



SECTION 17 

otternal-combustion-engine stations 

358. In Internal-combustion Engine Stations a prime mover 
may be either a gas engine, usually supplied with producer gas, 
or an oil engine. The producer-gas installations are suitable 
only for plants of medium or relatively large capiu-it.es ami, 
as above suggested, a steam turbine is more eeononneul a. 
most installations of this character. The oil engine* have Wen 
used to a considerable extent in medium-capacity plants in 

locations whores the rout of 

[_[ 11 1 1 ijj j 1 1 1 11; 11 r ' TTl 1 (>W * wry nmatl 

* Z20======== ~ff 11 plants which giw WTvie© 

zo ° ZZZZZZZZ.ZZZZZZZZZ ^ Z ~^^~ for ft portion of this ftmi% 

jso Q==--- ff such as lighting plant* 

«I operating in small towns 

0n, y tiuri, ‘K 1,1,1 

° m tZZZZzZZzzzzzziit~~~~ ~ ^ small oil engines are morn 



- 50 Brake Horsepower W W <*»» 111 KtfifH plUUtH WfUfTO 

Fio. 281.— Typical internal-oombu*- by-product g*»S for every 
tion-enguie performance graph*. (Thfa 0 j X , rn fi on j„ obtained from 
shows the perfonnance of a A60-n.p. * r . 

Westinghouse vertical gas engine*) til© blAttt Itiritficm Btifftt 

installations are, however, 
of a specific character and can hardly be elaased m central- 
station plants. Gas engines have been built for taws in these 
plants in capacities of 4,000 to 6,000 h.p. output each, 

359. The Efficiency of an Internal-combustion Engine In¬ 
creases With the Load (Fig. 281), so that the most efficient 
load for any internal-combustion engine is the greatest load 
which that engine will cany. It follow* that internal-com¬ 
bustion engines should be, and are, rated on the maximum 
basis. That is, they are not rated with overload capacities 

806 
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Vaporizer 


Cooling Water, 
Outlet 



Fig. 282.—Section through a small low-pressure oil engine of the “hot- 
bulb” or “hot-ball” type. 



Fig. 283. —General lay-out of small oil-engine plant* 
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360. OU Engines for Small-town Electric-lighting Plants 
are usually of the hot-bulb (Fig. 282) type. These can be 
operated on crude oil or kerosene. It has been found most 
economical in certain small plants to use kerosene rather than 


.“Composition Roofing 
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361. The Lay-out of a Small Oil-engine Plant is shown in 
Pig. 283. A plant of this type might serve its consumers 
through a distribution system similar to that diagrammed in 
Pig. 241. The prime mover consists of a 30-h.p , 400-r.p.m. 
Remington oil engine which drives a 15-kva. belted generator. 
An economical construction for a building to house an equip¬ 
ment of this character is shown in Figs. 284 and 285. 



SECTION 18 


HYDRO-ELECTRIC STATIONS 

362. Hydro-electric Stations May Be Divided Into Three 
General Classes: (a) low-head stations, 4 to 25 ft .; (b) medium- 
head stations, 25 to 300 ft.; and (c) high-head stations, 300 ft. 
to 3,000 ft. and up. Fig. 286 gives a graphic definition of the 
meaning of the word “head.” 

363. Waterwheels May Be Divided Into Three General 
Classes: (a) Gravity, ( b ) reaction, and (c) impulse. The char¬ 
acteristics of wheels of each type and illustrations thereof will 
be given below. 



Fig. 280.—Graphic definition of tlwi term “hiwd.** 


364. A Gravity Wheel (Figs. 287 and 287A) is one which 
develops its power by virtue of the weight of the water falling 
through a distance equal to the head. The falling water 
carries with it as it goes down the buckets which catch it and 
thus develops power. 

366. A Reaction Wheel (Figs. 288 and 289) is one which 
develoDS its Dower bv virtue of the reactive nressure of the 
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>Surface of Standing Headwater 



'Surface of Standing Taft Water 


Fig. 287. —Gravity-type waterwheel, the most efficient wheel for very low 
heads and small quantities of water. (Manufactured by the Fitz Water 
Wheel Company, Hanover, Fa.) 




Fig. 287A.—A combination pumping and electric-light plant driven by a 
gravity waterwheel. 
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on the rotating wheel, 
and the wheel rotates. 


The nozzles or guides are stationary 


Note that the gravity wheel develops its power solely by virtue of 
the weight of the falling water and that the reaction and impulse wheels 
develop their power by virtue of the potential energy due to the weight 
of the water which is first changed into kinetic energy. 


Ot<' ”G&fti’R40ut£tt}n$ 
It Hand Whmi 


lua. 2SS.-—Illustrating the principle of I ho reaction wheel. (Tlii* fttiow* 11 
cylinder-gate, horizon tab type turbine mounted in a tff4tel jflumaj 



Fiq. 2&0,—Runner of a mixod- 

flow turbine. 



F«i. *MHK l tnpulmt wheel mwJ 
nm%hh 


367." The Efficiency of a Waterwheel decreases both above 
and below the point of maximum efficiency, m shown in Fig. 
291. This fact must be recognized in selecting the generator 
which is to be driven by a waterwheel unit. 
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368. The Applications for the Waterwheels of the Three 
Different Types May, in a general way, be given thus: Gravity 
wheels such as that illustrated in Fig. 287 are desirable only for 
very low heads and for the development of relatively small 
power outputs. They have been used successfully in certain 
very small central-station installations, in which the generator 
is belted to the wheel shaft. The reaction wheels are best 
adapted to relatively low heads and large quantities of water. 
In recent years reaction wheels have been used for all ranges 



to operate at a speed such that its peripheral velocity is 75.8 per cent, of the 
speed or velocity of the spouting water. The governor associated with it 
holds it constant at this speed. But it is obvious from the above that when 
operating at partial loads, at less than 0.78 gate, the efficiency decreases 
rapidly.) 


of head from 600 to 700 ft. for large units. The impulse wheel 
is best adapted to high heads and small quantities of water. 
Thus, for heads greater than 200 ft. and of small flow of water, 
the impulse wheel is the most effective prime mover. The 
efficiencies of waterwheels may, for large units, be as great as 
80 to 90 per cent. 

369. The Names of the Elements of a Hydro-electric 
Installation are given graphically in Fig. 292. Obviously the 
typical arrangement shown in the illustration can not be 
followed in many instances. However, the nomenclature 
there given is of general application. 
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370. The General Tendency in Hydro-electric Station 

Design has been thus outlined by W. R. Thompson.* There 
is a tendency to do away with the clear spillway, hence, re¬ 
servoir-level-controlling devices, either in the form of Tainter 
gates or automatic flashboards, are used. Frequently, the 
nearly constant reservoir level has many advantages such as 
minimizing the investment in reservoir land to that land which 
is ordinarily submerged. It insures the advantage of more 
uniform head on the plant and facilitates the handling of the 
ice which forms on the reservoir. This latter consideration is 
important on logging streams where logs are imbedded in the 
ice. The modern tendency, especially for low-head plants, is 
toward units consisting of the vertical, single-runner, large- 
capacity turbine (Fig. 293) with a direct-connected generator.. 
Where a set of this type is used, economy in space results, and 
maximum reliability is insured, due to the accessibility of the 
wearing parts for inspection, adjustment, lubrication and 
repairs. The enclosed and heated forebay is now being used 
in Northern climates to prevent the interference by ice with 
operation. The continued use of a submerged forebay is 
justified because it eliminates practically all floating materials 
from the rack. Where conditions affecting the choice and 
size of units permits, there is a tendency to reduce the number 
of units in the plant to say three or four, rather than to have a 
large number of relatively small units. 

371. The Typical Arrangement of a Low-head Hydro¬ 
electric Generating Equipment is sliown in Fig. 293. This 
provides about as simple and effective arrangement as can be 
designed. The turbine and the generator are both of the 
vertical type and are direct-connected so that there is no un¬ 
necessary friction lost in gearing or belting. The weight of 
the waterwheel, the pressure of the downward water thrust 
and the weight of the revolving part of the alternator are 
carried by a thrust bearing located in the top of the generator. 
The guide bearings are self-aligning so that cramping can not 
occur. No step bearing is necessary or provided in the water¬ 
wheel. 

• W. R. Thompson* Tendency m Centbax Station Design. Electrical Review. 
Mar. S. 19X7. 
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372. A Low-head Hydro-electric Plant with a Horizontal 
Turbine is shown in Fig. 294. With this arrangement the 
generator is direct-connected to the turbine shaft and the 
water is impounded against one of the station walls. A 
modern low-head relatively large-rapacity hydro-elect be 



Fig. 294.—A low-head, hori*otttal-lurbo-gen«rat»r-unit iiuiUtUUon, f Janie* 

I.efTel & Co.) 


station is illustrated in Fig. 295. In this plant ten turbines 
each developing 10,800 h.p. on a 30-ft. head and operating 
at 53 r.p.m. are installed. The generators are 6,600-volt, 
throe-nh&se. 60-ovole machines and are rated 10.000 kva. 
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governing of impulse wheels is effected by deflecting the stream 
away from the buckets or by throttling it. Because of the 
high heads under which the impulse wheels usually operate, 
it is dangerous to attempt to govern by throttling alone, 
hence a system of governing which combines throttling and 
stream deflection has been adopted. 



Fig. 295.—Hydro-electric station of the Cedar Rapids (Canada). Manu¬ 
facturing and Power Company {General Electric Review ). 


374. The Largest Hydraulic Single-runner Turbine Ever 
Built is of 31,000-h.p. capacity (Fig. 297) and is to be installed 
at the aluminum plant on the Yadkin River in North Carolina. 
The head is 188 ft. The speed under an effective head of 188 
ft. is 150 r.p.m. An efficiency exceeding 91 per cent, at full¬ 
load is expected. The generators are 13,200-volt machines 
rated at 18,000 kva. The turbines were built and installed by 
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the Allis-Chalmers Company and the generators and exciters 
by the General Electric. As shown in Fig. 298 the plant con¬ 
tains three of these 31,000 h.p. units. No transformers are 
required in the station, inasmuch as the energy is generated 
at 13,200 volts which is also the transmission voltage. Fig. 
299 gives an idea of the complete development. 
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376. Outdoor Hydro-electric Plants* have been proposed. 
Figs. 303, 304, 305 and 306 show the general const,ruction and 
arrangement. It is anticipated that material economies 




will be realized through the omission of the building (which 
ordinarily houses the generating equipment) in n plant of this 
character. Outdoor switching and transforming stations 


BUetrioal Bvpl. 25, ISIS; p. 689. 
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Engineer of the Electrics Bond and Share Company. Cli¬ 
matic conditions and violent winds were the determining 
causes for eliminating the power-house superstructure. All 
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Fig. 301 .—Plan view of half of the Keokuk hyclro-eleotric station. (Com- 

pare this with the sectional elevation shown in another picture.) 

• ‘ f- • ‘floating Timber . . 11 t i f | 

• ’.'SW'"''* \\ , Boom to be Removed l \ iL 

*•'**,'• ,'lFiit \\\ Muring Cemon of y \ \ , . i 

jSlVv, / ; j ‘r l 

fill f * • :t i I 

mm\ AW--- i ., 


sits 

8 




^ //i tork 


'/'Lock <> 

' «? 


* 4 

/.• #* • * , ' ./. 

p 

l MV I.J 


WtyT. 

Y: WIHmr 

I ixmmtion 

*t>r«w* j 


C/AW "Rmlwfity #,, 


Fig. 302.*—The Keokuk (Iowa) development of ihn kihmMppl Illwf Fnwr 

Gompnny. 

of the generators and transformers are located outdoors. 
The control boards and exciters are installed in a structure 
over the tail-raw where a repair shop also is located. 
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Circuits, alternating-current, design re¬ 
actance, ©fleet on wire-si*o 
formula, 147 

reducing line reactance, 141 
resistance drop ? formula, 140 
single-phase wire size, 146, 149, 
172 

symmetrical arrangement of 
wires, 145 

tables for finding drop in lines, 
153, 155 

three-phase circuit, wire size, 

165, 169 

transmission, 143 
three-wire, three-phase trans¬ 
mission equal to two single- 
phase, 169 

two-phase transmission, 142 
wire size, 160, 161, 103 
unbalancing of system, 145 
volts loss, determining; 148, 149 
wire size, determining with 
Mershon diagram, 156 
for single-phase branches from 
three-phase mains, 172 
for single-phase circuits, 146, 
149 

for three-phase circuit, 165,169 
for two-phase circuits, graphic 

method, 163 

for two-phase circuits, with 
resistance, 164 
reactance lacking, 147 
t with reactance, 149 
wires, three-phase, transposing, 
144 


Circuits, branch, 3 

Circuits, direet-ourrent, design, 132 t 139 
balancing three-wire circuits, 
138, 139 

calculating two-wire circuits, 132 
conductor sizes for three-wire 
circuits, 136 
conductors, 132 
three-wire circuits, 135 
voltage drop in three-wire 
circuit, 137 

Circuits, distribution, 189 
feeder, 3 
multiple, 190 
polyphase, 142 
ring. 194 

single-phase, ma Single-phase circuits, 
tap, 6 

two-phase, em Two-phase circuits, 
Commonwealth Edison Company, 110 
Compensator for line drop, 228 
Comnression-type proteeter, 210 
Condenser-type lightning protector, 202 
Conductors, arrangement in polyphase 
circuits. 242 

spacing of National Electrical Code, 

141 

8m al$& Wire. 

Connected load defined, 99 

use in computing load factors, 86 

Connected-load factor, 73-100 
basis of computation* 97 

definition, m 

equation#, 98 

graph of energy consumption* 99 
_ report of teete in CMe&«© f 86, m 
Continuous rating of apparatus, 94 
Contour man toad graph* 116 
Comtro%d«i #witchbow»* 289 
peoaetebi 239 


Conversion from alternating to direct 
current, 186 
Copper losses, 9 
Core losses, 9 
Corliss engines, 288, 290 
Cost of generating electrical energy, 269 
Cravath, J. It., 90 

Cross-compound principle in turbines, 300 
Cupped-disc gap protector, 208 
Current, computing, for circuits, 127 


1> 

Dann. W. II, 278 
Definitions of terms, 1-6 
Demand factors, application, 44 
definition, 42 
determination, 43 
for lighting installations, 47-49 
for motor installations, 49, 50 
importance of, In determining 
transformer capacities, 51 
of alternating-current and direct- 
current circuits, 43 
report of tests in Chicago, 86, 88 
tables, 46 

used in computing load factor, 86 
Demand, maximum, 15-52 

alternating-current line, measuring 
demand, 27 

ammeter for measuring demand, 26 
application of demand factor#. 44 
approximate factors for lighting 
service. 47, 48 
average demand, 15, 18 
definition of demand, 15 
determination of demand factor* 411 
determining, formulas, 04 
value for computing load factor. 
83 

with an ammeter* 26 
with transformer, 27 
direct-current line, measuring de¬ 
mand, 2i! 

examples, time interval and maxi¬ 
mum demand, 22 
factor, demand, 42 
factors for lighting iimiallsUorti*, 
47*49 

importance of, in determining 
transformer capacities, it 
integrating graphic meter, 9H 
indicating meters, 13 
maximum demand, definition* 10 
measuring instruments, 34 
meters, 17, 21 
variation of, 24 

methods of averaging the load* SI 
motor installations, factor* for, #•* 

m 

printomotordype maters* 36 
tables of factor*, 46 
thermal or thermostatic maters, 
U 

time interval, 20 
for meter*, 21 
unit, 17 

wattmeter* 28-31 
Wasirngliotts# It, 0 demand 

mm 

v«ettfdiiig»dtaft*iid 
__ watt*»euf meter* 41 
^ Wright iMUra* 31* IS 
Demand-measuring instarttauMte* 24 
^ meters, set kO/hm, omkhum. 

diversity mmm$ it, 66 
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Department store plant, load graph, 111 
Depreciation of equipment of an electric 
plant, 263 

Design of alternating-current circuits, 
140-172 

of circuits, 118-131 
of direct-current circuits, 132-139 
of hydro-electric stations, 315 
Designing plants, importance of diversity. 


Diagram, Mershon, see Mershon diagram. 
Direct-current circuits, determining de¬ 
mand factors, 43 
conversion from alternating, 186 
demand meter, 35 

for transmission and distribution, 
177 


generators, voltage regulators for, 
221, 225 

line, measuring demand, 26 
motor installations, demand factors 
for. 50 

switchboards, 239-243 
systems, in generating stations, 265 
voltages, in generating stations, 265 
Distributing center; 6 
system, definition, 2 
diversity factors for, 62 
Distribution circuits, 189 
parallel, 190 
series, 189 

Distribution loss factors, 7-14 
approximate, 14 
factors, 12 
leakage loss, 9 
line loss, 8 
factor, 13 
meter losses, 9 
numerical illustration, 11 
probable factors, 13 
stolen-ene gy loss, 10 
transformer loss, 9 
types, 8 

Distribution of electrical energy, 173-194 
Distribution-system terms, 1—6 
branch circuit, 3 
distributing center, 6 
system, 2 
feeder circuit, 3 
main, 3 
service, 3 
sub-feeder, 3 
sub-main, 3 
tap circuit, 6 
tie line, 1 

transmission line, 1 
system^ 2 

Diversity and diversity factors, 53-72 

central-station distributing system, 
62 

commercial lighting consumers, 
demands, 62 
definition, 53 
determining, 59 
t kilowatt station capacity, 71 
different factors among components 
of a system, 60 
diversity factor defined, 56 
effect of increasing, on load factor, 


eliminating apparatus by grouping 
consumers, 71 

factor used in computing load fac¬ 
tor, 85 

factors for a central station distrib¬ 
uting system, 62 


Diversity and diversity factors, feeders, 
diversity of demands among, 70 

formulas for determining maximum 
demand, 64 

Uustration of diversity of demand, 
55 

importance in plant design, 72 

lighting transformers, demands on 
mains by, 63 

residence-lighting consumers, de¬ 
mands, 61 

sub-stations, diversity of demands, 
70 

total diversity factor for a system. 
70 

values determined by local condi¬ 
tions, 61 


E 


Efficiency of transmission, 175 
formula, 176 

Electric Bond and Share Co., 322 
Electric generating stations, 259-280 

advantages of centralization of 
plant, 264 

capacities and ratings of gener¬ 
ators, 270-272 
cost per unit of energy, 259 
depreciation of equipment, 263 
direct-current voltages and systems, 
265 

exciters, 273 
external reactances, 278 
factors determining location of 
apparatus, 272 

generation of alternating voltages, 
265 

grounded and ungrounded-neutral 
systems, 267 
locating exciters, 274 
location, 264 

percentage reactance of a reactor, 
279 


power factor, effect on capaoity of 
generator, 272 
prime-movers, location, 273 
reactors, 278 

single-phase transformers, 274, 275 
star-connected generators, 266 
switchboard, location of, 279 
system of excitation, 273 
three-phase alternating-c u r r e n t 
systems, 265 
transformers, 274, 275 
three-wire systems, 265 
transformers. 274-277 
two-wire systems, 205 
unit principle of installation, 272 
voltage regulators, 274 * 
voltages for altemating-ourrent 
generators, 268 

Electric Power Club, standard voltage 
ratings, 179. 183 
railways, am Railways, electric. 
Electrical energy, Energy, electrical. 

remote-control switchboards, 257 
Electrolytic lightning protector, 210-214 
Electromagnetic inductance, 141 
ElweU, David, 300 

Energy, ete ctrica l^ commuting, for a given 

consumption in kilowatt hours, 99 
cost of generating per unit, 259 
losses, 7 

transmission and distribution, 173- 
194 
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Energy, electrical, wire nixes for distribu¬ 
tion, 118 

Engines, internal-combustion, 300 
steam, 298 
uniflow, 291-295 

Exciters in generating stations, 273 
locating, 274 
voltage, 274 

External reactances in generating stations, 
278 


Hydro-electric stations, impulse wheel, 
810, 818 

Keokuk, Iowa, pjant, ,118 
largest single-runner turbine, 317 
nomenclature, 818 
outdoor plants, 820 
reaotion wheel, 810, 813 
waterwheels, 310 

I 


F 

Factor, capacity, 95 
connected-load, 90 

distinction between plant, load, and 
capacity, 96 
distribution-loss, 12 
diversity, 53-72 
plant, 92 

Feeder-and-main circuit, 192 -194 
circuit, definition, 8 
regulator, 180 

Feeders, determining maximum demand 

on, 66 

Fernald, R. H., 284 
Frequencies, data for U. 8., 179 
Frequency-changer sub-station, 189 
standard, 184 

G 

Gear, 11. B., 59, 75 

General Electric Company, demand 

meters, 38, 80, 88 

Generating stations, electrical, 259-280 
hydro-electric, 310-324 
internal-oombustion-englne, 800- 
309 

steam, 287-305 

Generation of alternating voltages, 265 
Generators, alternating-current, voltages 
for, 268 

capacities and ratings, 270-272 
direct-current, voltage regulators for, 
221, 226 

Goedjen, A. J. f 179 

Graded-shunt resistance protector, 205 
Graphic wattmeter, 28 
Graphs, load, 101-117 
Gravity wheel, 310-813 
Grounded-neutral systems, in generating 
stations, 267 

H 

Hackett, H. Berkeley, 260 
Hagenlocher, E,, 298 
Hall, C. L, 24 
Horn-gap protectors, 208 
Hotel plant, load graph, 111* 

Hyde, T. B. f 263 
Hydraulic prime movent, 2SS 
turbine, largest built, 317 
Hydro-electric stations, 286, 310-224 

applications for types of water¬ 
wheels, 313 

arrangement of low-bead equip¬ 
ment, 315 

S * s§» 310 
a of, 313 

opment of low-head, 286 
effidbaey ©f waterwheel, 312 
gravity wheel, 310, 313 
high-head station, 316 
MtMoatal turbine in low-head 
plant, 31$ 


Impulse wheel, 310, 318 
Incandescent-lamp circuits, voltage drop 
in, 119-121 

Indicating ammeter, 20 
Inductance, electromagnetic, 140 
Inductive interaction, preventing, 142 
Industrial plant, load graph, 100 
Instruments for measuring demand, 24 
Insull, Hamuel, 282, 2H3 
Integrating gmphi© demand meter, 38 
Interaction, inductive, 142 
Inter borough Rapid Transit C’o. til S. V., 
300 

Interior-wiring system, terms, 6 
Internal-combuHtion-engine prime movers, 

2H4 

stations, 300-309 

efficiency of engines, 300 
lay-out of small oil-engine 
plant, 809 

oil engines for small plants, 308 
Internal lightning, 197 
Interurban street railways, load graph, 107 

X 

Keokuk, Iowa, hydroelectric station, 818 
Kilowatt station rapacity* determining* 71 

L 


Leakage loss, 9 

Lighting circuit*, dlr#rl*etirresii trails- 
miaaiim for, ill 
voltage drop in, HIM ill, 125 
voitagMi for, 179 
wire alum for, H0,149 
consumer#, divmmtiy of demand of, 
III* 02 

installation#*, d* maud fur tor* for, 47 * 

49 

plant** load graph. 108 
oil for, 308 

transformers, diver sit v among de¬ 
mands mt iii»I fin, 04 

Lightning, fttmraiphttfto, l#b 

definition, If5 
explanation of paths, 2115 
internal, 197 

Lightning protei tion apparatus, I§5-218 
alternating" and UtrvdMtrftnt pro¬ 
tectors, 19# 

alternating-current, application of, 
table. 217,218 
atmonpharin lightning, It# 
rarlmrundum pr ©tenor, till 
choke noils, «dr-im»itlatcd f 210 
for low-voltagc drmiits* til 
ftttuitimt, if# 

AlmuUM, m 

•vteniitg, M& 
circuit-breaker type, fit 
mmmnsMm oltoka coll and horn* 


gap p?#t§#t#f» fit 

eeraprarafou-typ*, 310 
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I 


Lightning protection apparatus, condenser 
type, 202 

cupped-disc gap protector, 208 
definition of lightning, 195 
of protector, 197 
direct stroke defined, 19G 
distinction from lightning arrester, 
195 

electrolytic, 210-214 
explanation of paths of lightning, 
20 5 

graded-shunt resistance protector, 
205 

horn-gap protectors, 208 
induced stroke, 196 
internal lightning, 197 
magnetic blow-out, direct-current 
protector, 200 
non-arcing metal caps, 205 
cylinder protectors, 204 
on electric railway cars, 201 
principle of protector, 197 
selecting choke coils, 215 
Line drop, compensation for, in voltage 
regulators, 227 
loss, 8 
factor, 13 

in commercial series circuits, 190 
reactance, 140 
Lloyd, E. W., 86 
Load curve, 80 
Load factor, 73-100 

annual, or yearly, equation, 90 
computing energy delivered by a 
given installation, 91 
decrease, effect on charges, 92 
definition, 73 

determining maximum-demand 
value, 83 

power from a load curve, 80 
distinguished from plant and ca¬ 
pacity factor, 96 

effect of addition of off-peak loads, 
111 

of increased diversity of demand, 
75 

on central-station rates, 76 
equations for computing, 85, 90 
formulas, 73 

formulas for average power con¬ 
sumption, 78-83 
operating, equation, 90 
period for reckoning, 78 
polar planimeter, use of, 81—83 
report of tests in Chicago, 86, 88 
significance, 74 
Load graphs, 101-117 

adding to obtain resultant, 116 
addition of off-peak loads, effect 
on load factor. 111 
annual, 114 

characteristic for small towns, 1X2 
city street railway, 106 
combined lighting, industrial, and 
railway loads, 108, 109 
comparison of winter and summer, 
112 

contour map, 115 
department store plant, 111 
hotel plant, 111 
industrial load, typical, 106 
interurbau street railways, 107 
large cities, 109 
obtaining data, 102 
office building plant, 110 
period of time, 104 


Load graphs, significance, 103 

storage battery used to modify 
load demands, 117 
typical electric-lighting load, 105 
unit for ordinate values, 104 
variation with different types of 
load, 104 

Location of a generating station, 264 

of apparatus in generating stations, 
272 

Lof, E. A., 266, 269, 273, 275, 281, 296 
Loss, distribution, 7-14 

M 

Main, definition, 3 
Maximum demand, 15-52 
rating, 94 

McClellan, R. J., 321 
Mershon diagram, determining wire size 
with, 156 

for three-phase-circuit wire, 169 
for two-phase circuit wire, 164 
for voltage drop, 154 
Mershon, Ralph, 142 

Metal cylinder lightning protectors, 204 

Meter losses, 9 

Meters, demand, 17, 21 # 

integrating graphic, 38 
integrating indicating, 33 
printometer-type, 36 
variations of rating, 24 
Westinghouse RO, 28-31 
Westinghouse recording-demand 
watt-hour, 41 
Wright, 31, 48 

Meters, thermal or thermostatic, 32 
Motor branch cirouits, wire size, 122, 130, 
148 

circuits, apportionment of voltage 
drop, 122 

voltage drop in, 121 
-generator substation, 187 
installations, demand factors for, 49, 
50 

Multiple circuits, 190 

N 

National Electric Code rules, for motor 
branch circuit, 122, 130, 148 
spacing of conductors, 141 
wire size, 133, 134 

National Electric Light Association, 86 
standard voltages, 183 
New England National Electric Light 
Association, 300 

New York Edison Company, 110 
Interborough R. T. Co., 300 
load graphs for, 109 
Nilsen, P. J., 64 

O 

Office building plant, load graph, 110 
Ohm's law, applied to circuit design, 118 
computing voltage drop by, 124,174 
Oil-cooled transformers, 276 
engines, 308 

Operating load factor, 90 
plant factor, 93 

Outdoor hydro-electric plants, 320 
P 

Panel box, 6 

switchboard, 231 
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Parallel distributing circuits, 100 
Pedestal switchboards, 230 
Pel ton wheel, 310 
Pigott, 11. J. B., 297 
PI ammeter, polar, 81-83 
Plant factor, 73-100 
annual, 93 

compared to capacity factor, 95 
continuous rating, 94 

definition. 92 

distinguished from load and capac¬ 
ity factor, 96 
high, 95 
operating, 93 
Polar planimeter, 81-83 
Polyphase circuits, arrangement of con¬ 
ductors, 142 
Post switchboards, 239 
Potential regulator, 186 
Power circuit, computing voltage drop, 
325 

computing consumption, 78-83 
factor, effect on capacity of a gener¬ 
ator, 272 

factors of apparatus, 140 

loss in direct-current two-wire circuit, 

129 

in transmission of energy, 173 
Prime movers, 281-286 

advantages of turbo-generators, 

284 

hydraulic, 285 

internal-combustion engine, 284 
low-head hydro-electric plants, 286 
steam, 281 

uniflow engines, 291-295 
Printometer indicators, 21 
-type demand meters, 36 
Protector apparatus, lightning, 195-218 
ohoke coil and horn-gap, 210 
compression-type, 210 
cupped-disc gap, 208 
electrolytic, 210-214 
graded-shunt resistance, 205 
Protectors, horn-gap, 208 
Public Service Corporation of N. J,, 302 

It 

Hallwayi, electric, lightning protector on 
cars, 201 

load graph for, 106 107, 109 
switchboards for, 243 
voltages for, 179 
Bates of central station, 76 
Rating, continuous, 94 
Ratings of generators, 270,271 
Reactance, determining wire else with 
Mershon diagram, 156 
effect on wire mm formula, 147 
line, 140 

Reaction wheel, 310,313 
Reactors in generating stations, 278 
percentage reactance, 279 
Reciprocating steam engines, consumption 
table, 290 

Regulators, voltage, 219-228 

Remington Arm* and Ammunition Co., 
302 

Remote-control switchboard*. electrical, 

267 

mechanical, 253 

Reserve capacity of generators, 271 
RsafetttMi drop, formula for finding, 149 

of copper m 124 

protector, graded-shunt, 205 


Rhode*, G. I., 95, 101, 195 
Ring circuit, 194 

Rotary convertor Muhstution, 186 
Rudd, IX. H., 278 


Salmon, F. W„ 289 

Sanderson, C\ H. t 252 
Scale for measuring plans, 131 
Series distributing circuits, 1H9 
Service, definition, 3 
Shuster, J. M., 271, 287 
Single-phase alternating-current circuits, 
wire nise for, 140, 

calculation by graphic method, 149 
determining with Mcndion dia¬ 
gram, 156 

circuit!*, two c an replace a thn i wire 
three-phase f maniaieeion, 169 
transformers, 274, 275 
Star-connected generators, 2*10 
Station capacity, kilowatt, 71 
Stations, electric generating, 259 280 
hydro-electric, 310 324 
internal combustion-engine, 300 300 
steam generating, 287 *306 
turbine, 290 

8m aim (‘outrid stations 
Steam engine, compart'd with steam tur¬ 
bine, 298 

Steam generating stations, 287-305 

alternating-current generator with 
ulitie-vafvit engine, 291 
applications of steam turbine arid 
steam engine, 208 
belted v». ilireci-cnrmw’ted units, 

2ni| 

boilers, 302, MM 

capaeitien of turbogenerator units, 

111 ? 

cl wmm t 287 

design for turbo plant with on© 
unit, mm 

' ilirifct-c»iif»fcet«l gwwfatftfi* unit, 

Inatallatlmi of ttnillow angitis, 295 

large Itirlw-i»ti«iri4tr#r plant, Stfi 
mmium-nimni turbo plant, 3111, 302 
small plants, 287 

•team €#iiiti»ptl#w »f 

irig engine*, table, TMi 
of turbine*, *09 
stnam turbines, 

uniflow •ftKiiMB, 291-295 
fitaam prim* mmm% 2© 

Steam turbines, eaparitlm of turbo-gen¬ 
erator unit#, 2117 
compared with atram engine, 208 
eraaiHimtitprrttiail priiiflp#, 309 
•eoiiomy, 295 
•fiipncy graph, if? 

•tallow, 

steam mmnmutktm* SUM) 
Stftten-#n«r*y km, 10 

Storage battery- meal to tiiwllfy load 
demands, 117 
Stott, 11. Cl., 283 

Street pf##t«rt#r for 

f#r t m 107* 1 Of 

ewlteldmnrd for dlf«4^itff«tl aer* 

vottaaii for. Iff 
fhib-fMaWtr, definition. I 
Sub-main, dimitfo*, I 



INDEX 


331 


Sub-stations, 184 

frequency changer, 189 
function of equipment, 185 
motor-generator, 187 
synchronous or rotary converter, 186 
transformer, 185 

Switchboards and switch-gear, 229-258 
advantages of remote-control over 
self-contained boards, 252 
alternating-current, 244 
alternating-c u r r e n t mechanical 
remote-control board, 253 
alternating-current switchboards 
for three-phase service, 248 
arranging the panels, 233 
circuit diagrams for direct-current 
switchboards, 240 
classes, 231 

control-desk switchboards, 239 
diagram, 233 
direct-current, 239-243 
direct-current railway service, 243 
distinction between, 229 
electrical remote-control, 257 
fittings for supporting switchgear, 
236 

frames for panel switchboards, 235 
function, 229 
laying out, 231 
location in station, 279. 
material for panel sections, 237 
panel switchboards, 231, 238 
pedestal switchboards, 239 
post switchboards, 239 
proportions of panels and sections, 

remote-control, 230 

alternating-current boards, 245 
self-contained, 230 
three-wire direct-current switch¬ 
boards, 243 

two-wire direct-current switch¬ 
boards. 241, 242 
Synchronous sub-station, 186 
Systems, data for U. 8., 179 
direct-current, 260 
grounded and ungrounded-neutral, 
267 

three-phase, 212 
three-wire, 205 
transmission, 2 


T 


Tap circuit, 6 
Thermal meters, 32 
Thermostatic indicator, 21 

meters, 32 

Thompson, W. H., 315 

Three-phase alternating-current systems, 

205 

circuit, wire size, with and without 
reactance, 105, 109 
generators, star-connected, 200 
service alternating-current switch¬ 
boards, 248 

systems, arrangement of electrolytic 

protectors, 212 
transformers, 274, 275 
transmission, 143 

replaced by single-phase circuits, 

109 

transposing wires, 144 
Three-wire circuits, balancing,. 138,189 
systems in generating stations, 200 
Tie line, definition, 1 


Time interval for determining maximum 
demand, 20 

Tin-ill voltage regulator, 220 
Transformer capacities, determining, 51 
losses, 9 

sub-station, 185 

Transformers, determining maximum de¬ 
mand on, 64 

for measuring demand in alternating- 
ourrent lines, 27 
in generating stations, 2 74-277 
lighting, diversity among demands on 
mains, 63 

oil-cooled, water-cooled, and air- 
blast, 276 

Transmission line, definition, 1 
Transmission of electrical energy, 173-194 
alternating-current systems, 180 
direct-current, with multiple cir¬ 
cuits, 177 

distribution circuits, 189 
efficiency formula, 176 
efficiency of transmission of a cir¬ 
cuit, 175 

feeder-and-main system, 192—194 
for lighting, 177 
for power motors, 177 
frequency-changer substation, 189 
high voltage desirable, 173 
interior systems, 193 
line loss in commercial series cir¬ 
cuits, 190 

motor-generator sub-station, 187 
out-of-door circuit, 193 
power lost related to voltage, 173 
reasons for using electricity, 178 
ring circuit, 194 

rotary converter sub-station, 186 
series distributing circuits, 189 
standard alternating-current vol¬ 
tages, table, 183 

standard direct-current voltages, 
table, 179 

standard frequency in TJ. S., 184 
sub-stations, 184 
synchronous sub-station, 180 
three-phase preferable, 182 
three-wire distribution, 178 
transformer sub-station, 185 
voltage for short transmission, 175 
voltage per mile, rule, 184 
weight of conductor related to vol¬ 
tage, 175 

Transmission system, 2 
Transposition of three-phase circuits, 145 
Turbine, hydraulic, 3 IT 
Turbines, see Steam turbines. 
Turbo-generator stations. 301, 302 
Turbogenerators, advantages of, 284 
Two-phase alternating-current circuits, 
determining wire size, 100, 161 
drouits, graphic method of deter¬ 
mining wire size, 163 
wire size determined by Mershon 
diagram, 164 
transmission, 142 

u 

Unbalancing of a system, 145 
Ungrounded-neutral systems in generat¬ 
ing stations, 207 
Uninow engines, 291-295 
Unit, for values of a load graph, 104 

of connected load and power input, 96 
of continuous rating of apparatus, 94 
of maximum demand, 17 
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Unit principle of installation of plant*, 272 
United Electric Light and Lower Com¬ 
pany, 110 

V 


Vector diagram to determine volts lows, 
148, 140 

Voltage drop, and wire aisse, 118 
basis of calculations, 124 
computing by Ohm’s law, 124 
diminishing, 142 

in incandescent-lamp circuits, 110- 
121 

in lighting or power circuit, 125 

in motor circuits, 121, 122 
in three-wire circuit, 127 
Mershou diagram, 154 
principle of. 1 10 

table for idternatlng-cummt lines 
with Mernhon diagram, 15ft, 155 
Voltage regulators, 219-228 

alternating-current regulator, prin¬ 
ciple, 222 

arrangement of, for alternators, 22ft 

capacity of relay contacts, 225 
compensation for lino drop, 227 
connections for different services, 

228 

factors causing variations in vol¬ 
tage, 219 

for direct-current generators, 221, 
225 


function of automatic 
220 


regulator, 


in generating stations, 274 

installing, 228 

operation of, in parallel, 22ff 
principle, 220 
„ , Tlrrili type, 220 
Voityca, alternatin^generation of, 205 

for alternating-current generators, 2m 


Voltages of exciter#?, 274 

standard alternating-current, and 
their applications, 179 
table, 18.'^ 

standard diroct-eurrimt, and their 
applications, 179 
Volts low, determining, I4h* Hit 


Water-cooled transformers, 279 

Waterwheels, 210 

applications for typos, 212 
efficiency, 212 
Wattmeter, graphic, 28 

Westinghouac direct-current generator, 
295 ^ 

Electric A Manufacturing C*o # 142 
RO demand naefer, 2H 31 
rccnriiing-demand waft-hour meter, 
41 

Wire sinew, eitleulu! ing, 1 in, 1 III 

determining with Mrtnhtm dia¬ 
gram, 150 

finding, for known current, etc , 127 
for dklribiitiwii of elerlrin energy, 

118 

for »Iii*k*fdi»jtft limneiirs from 
three“plifww mains, 172 
for circuit with mm! 

without reactance, IU5, lt\\i 
for two-ph«*fi circuit*, Hill* Mil 
with ntiinlfifirr, UU 
graphic fitolhcKl for twotpbiuw? rh* 
cults, 1CI 

Wir». Nafo-rurrrnt-ffsrrying capmeitf, 

tablfi, 122 * 123 

W«M#ht, L It., fftll 

Wright ilciiiiiiil wittier, 2 * 1 * 31,48 


Yadkin River plant. 317 
Yearly load fa* tor, fill 














